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LIVE WIRE DETECTOR 


* Audible and visual warning of the 
presence of 240V AC mains * Does not 
require wires under test to be connected 
to a load * Adjustable sensitivity 


Detect concealed live wires buried up to 2 inches deep in a 
wall or floor — even if they are not connected to an appliance. 
No more electrifying experiences when Dad hangs a picture! 

The unit is completely safe as there is no need to actually 
touch the cables themselves. Also useful for tracing the route 
of wires. 

Constructional details can be found in 
Electronics Issue 48 (XA48C). 
LK63T Live Wire 
Detector Kit 





Give Dad a treat for Father’s Day and 

build him something really practical, it will 
be a welcome change from the usual pair 
of slippers! 
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Avoilable separately: 
GB85G Live Wire Detector PCB 60p 
FT39N Live Wire Detector Case £1.28 
Optional ttem: 
FK58N PP3 battery £1.10 
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LOW RESISTANCE 
CONTINUITY TESTER 


* 3 ranges of resistance indication 
* Continuity buzzer * 3-colour LED 


indicates range 
A compact, easy-to-use continuity and low resistance tester, 
ideal for those litle electrical jobs about the house or workshop. 

A multicolour LED shows which of the three ranges the 
measured resistance falls into. Green indicates a resistance 
between 0:°5Q and 300Q — below 0:5Q the buzzer sounds in 
addition to the green LED; Orange shows that the resistance is 
between 300Q and 5kQ; Red indicates a very high ‘leakage’ 
resistance, of up to 100MQ. 

Ideal for checking continuity, insulation, finding dry joints, 
high resistance switches and poor contacts etc. 

Full details can be found in Electronics 


Issue 53 (XA53H}. 


LP51F 
Continuity Tester 


“4 MINI METAL DETECTOR 
oO * Search range up to 25mm depending 
on size of object * Finds partition studs by 
detecting nails or screws * Simple to build 
and use 
Stop Dad drilling through the central heating pipes again! The 
Mini Metal Detector can find metal pipes, cables, ferrous and 
non-ferrous metals, buried in walls etc. up to a depth of 25mm. 
Also extremely useful for finding battens in hollow walls, as it 
can detect the nails within them. 


Full constructional details in Electronics 
Issue 48 (XA48C). 


LM35Q Mini 
Metal Detector 
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Available separately: 
JC24B Mini Metal Detector Case £1.28 
GD63T Mini Metal Detector PCB £1.75 


Optional Item: 
FK58N PP3 Battery £1.10 


Where to get them - 


Maplin stores nationwide: Birmingham, Brighton, Bristol, Cardiff, Chatham, Coventry, 
Dudley, Edinburgh, Glasgow, Ilford, Leeds, Leicester, London (Edgware, Forest Hill and 
Hammersmith}, Manchester (Oxford Road and Cheetham Hill], Middlesbrough, Milton Keynes, 
Newcastle-upon-Tyne (The Metro Centre, Gateshead}, Northampton, Nottingham, Portsmouth, 
Reading, Sheffield, Slough, Southampton, Southend-on-Sea, Stockport, Stoke-on-Trent plus a 
NEW store opening soon in Preston. Ring 0702 552911 for details of your nearest store. 







Available separately: 
GHO3D Continuity Tester PCB £1.65 
ZFA40T Continuity Tester Label £1.65 
Optional Item: 
FK58N PP3 Battery £1.10 


THE POSITIVE FORCE 


IN ELECTRONICS 
For all Mail Order purchases add £1.40 handling charge. All items are subject to 


availability, all prices include VAT. ECLECTROnITICS 
Mail Order to: PO. Box 3, Rayleigh, Essex SS6 8LR. 
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FOR YOU TO BUILD! 


MODEL STEAM TRAIN 
CHUFFER 

This super project is an absolute must for 
any serious model train enthusiast. The 
chuff rate is automatically adjusted to 
match the train’s speed by monitoring the 
track voltage. For added realism, when 
the train is stationary, an escaping steam 
sound is produced. 


REUSABLE ELECTRONIC FUSE 
When testing or developing extra low 
voltage circuits, it is easy to make 
mistakes and cause a short circuit. This 
low cost and easy to build project will 
protect both the power supply and circuit 
under test. Unlike conventional fuses, this 
one doesn’t need replacing after it has 
‘blown’ - it is self resetting and provides 
audible and visual indication of fault 
conditions. 


INTELLIGENT Ni-Cd BATTERY 
CHARGER 

Ensuring correct charging of Ni-Cd (nickel 
cadmium) cells has never been a straight- 
forward task. Incorrect charging can result 
in reduced capacity and shortened 
operating life or even an explosion! This 
charger overcomes the shortcomings of 
basic chargers and ensures that your Ni- 
Cds will be in tip-top condition. Features 
include: temperature monitoring; under- 
and over-voltage protection; automatic 
discharge prior to charge; slow and fast 
charging; and charge pulse width 
modulation. 


CAR ALARM ULTRASONIC 
INTERFACE 

If you’ve purchased a basic current 
sensing only car alarm and later wished 
you could add an ultrasonic detector, then 
help is at hand! This ingenious interface 
allows you to do just that! Other sensors 
or switches can also be connected using 
this interface. 
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ESSENTIAL READING! 


DEVELOPMENTS IN 
PEDESTRIAN CROSSING 
TECHNOLOGY 

Traffic light controlled pedestrian crossings 
are all to frequently the cause of frustration 
to both drivers and pedestrians alike - 
unfortunately accidents occur all to 
frequently. This is largely because such 
crossings are ‘unintelligent’. Following an 
extensive study, a new intelligent, user- 
friendly, crossing control system has been 
developed. In this exclusive report, 
Stephen Waddington, reveals the practical 
answer to this everyday problem. 


IMPLEMENTING COMPUTER- 
BASED VIDEO NETWORKS 
Frank Booty looks at why it is desirable to 
integrate video into computer networks; 
the problems that will be encountered; and 
how such problems can be overcome. 


THE QUIET COMPUTER 
REVOLUTION 

Industry big-boys such as IBM, Apple, 
Intel, Motorola and Microsoft are engaged 
in the biggest technology upheaval since 
the introduction of the personal computer. 
Allies and arch-enemies are swapping 
sides, and exciting technology abounds. 
But strangely enough, considering the 
implications, not much has been reported 
in the popular press. Keith Brindley looks 
at what is happening, predicts the out- 
come, and the likely winners and losers. 
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SECRETS OF SURROUND 
SOUND REVEALED 

In this superb, authoritative new series, 
John Woodgate reveals the secrets of 
Surround sound and discusses the 
operation of past and present systems. 
The first instalment starts with a history 
lesson, covers the basic principles of 
stereo sound and laments the failed 
systems left by the wayside. 


UNDERSTANDING 
TRANSMISSION LINES 

More mysteries are answered in the final 
instalment of this three part series. 


CHOOSING AND USING VIDEO 
CONNECTORS 

This practical guide by Andrew Emmerson 
looks at the range of video connectors in 
use On video equipment, and explains 
how you can make you own connecting 
cables cheaply and easily. 


HOW TO USE DIGITAL PANEL 
METERS 

Ray Marston demonstrates how digital 
panel meters can be used in practical 
applications. Tried and tested circuits are 
included covering a multitude of possible 
uses. 


NOT TO BE MISSED! 
ABOUT THIS DIARY NEW 
ISSUE... DATES BOOKS 
TECHNOLOGY NEXT STRAY 
WATCH MONTH SIGNALS 
READERS’ HOWTO CLASSIFIED 
LETTERS SUBSCRIBE ADVERTS 
NEWS ORDER DID YOu 
REPORT COUPON MISS? 





ABOUT THIS ISSUE ... 


Hello and welcome to this month's issue! As usual 
there’s a fine collection of projects and features for you 
to enjoy; I'm sure that you'll find them all a jolly good 
read! 

It gives me great pleasure to welcome Dean 
Hodgkins BEng (Hons) ‘on board’ the Electronics editorial 
team, he joins our other Technical Author, Robin Hall 
FBIS, G4DVJ, to further strengthen the capabilities of 
Britain's best selling electronics magazine! I'm sure that 
you'll soon look forward to reading Dean's articles just 
as much as those of the other long-established 
contributors. 

I'd like to say a special “Hello!” to all of our overseas 
readers — copies of Electronics go to many different 
parts of the globe including Australia, The Falkland 
Islands, The Seychelles, Iceland, Yugoslavia, Brunei, 
and over sixty other countries. The fastest growing 
country in terms of readership at the moment is South 
Attica. Why not drop us a line and tell us about the 
hobby of electronics in your country, how you get your 
components, etc. we would love to hear from you! 

Several letters | have received recently have 
enquired about whether overseas subscriptions are 
available. The answer is yes! The process of exporting 
Electronics to newsagents all over the world is a difficult 
task and it can take a long time for the magazines to 
arrive. So if you are having problems getting a copy of 
Electronics regularly a subscription is the answer to 
fast reliable delivery! Our Overseas Subscriptions 
Department can give details of many different payment 
methods so please contact them by phone, fax or by 
letter. 

Similarly if you are having trouble obtaining parts for 
your projects locally, they can be supplied by Maplin 








Export or one of our overseas agents in the United Arab 
Emirates, Lebanon, South Africa, Malta or Pakistan. 
Please refer to page 19 for phone and fax numbers, and 
addresses of Maplin Export and overseas Maplin 
agents. 

Over the past couple of months you'll probably have 
noticed the inclusion of some amateur radio projects 
designed by Ramsey Electronics. These projects are 
designed in the USA, reflecting the increasingly 
international flavour’ of Electronics — pictured below is 
John Ramsey in Dayton, Ohio, reading last month's 
issue! 





Continuing with international matters, Maplin has 
recently acquired a transshipment centre at Subic Bay, 
in the Philippines; this was set up by Maplin to 
consolidate shipments of electronic components and 
products from the Far East. Subic Bay, now a deep-sea 
free-port, was the former Pacific home of a massive US 
Military base. Stability in the region has enabled the 





military presence to be withdrawn, leaving behind an 
ideal site for international companies to set up shipping 
and storage operations, Maplin already has offices in 
Hong Kong and Taiwan; this latest acquisition will 
further increase the speed and efficiency of Maplin’s 
international operations. Such improvements will benefit 
you, the customer, with the keenest prices and widest 
range of quality electronic components and products 
from all over the world. 

So until next month, | hope that you enjoy reading 
this issue as much as the ‘team’ and | have enjoyed 
putting it together for you! 
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Front Cover Pictures: 

Main photograph by Will Crocker, 

© Copyright 1994 The Image Bank. 
All rights reserved, used by permission, 
Steam engine photograph, 

Talylyn, Talylyn Railway, 

Towyn, by Brian Meldon 
©Copyright 1994 Brian Meldon, 

All rights reserved, used by permission. 
Multimedia platforms allow the 
integration of video, voice, data 

and music into computing - 

optical disc is helping to solve the 
inherent storage problems, 
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Copyright: All material is subject to workiwide copyright protection, and reproduction or 
imitation in whole or part is expressly forbidden. Permission to reproduce printed circuit 
board fayouts commercially or marketing of kits must be sought from the publisher 
Advertisements: Whilst every reasonable precaution is undertaken to protect the 
interests of readers by ensuring, as far as possible, that advertisements appearing in the 
current issue of Electronics are bona fide, the publisher and staff of the magazine cannot 
ive any undertakings in respect of statements or claims made by advertisers, whether 
on printed page or on loose insert. Readers who have reasonable grounds to believe 
that they have been misied are advised to contact their local Trading Standards Office. 
Editorial; The views of individual contributors/authors are not necessarily those of 
either the publisher or the editor. Where errors occur corrections will be published as 
‘soon as possible afterwards. 

Publisher's Statement: Maplin Electronics pic., take all reasonable care to prevent 
Injury. loss or damage of any Kind being caused by any matter published in Electronics. 
Save insolar as prohibited by English law, lability of every kind including negligence is 
disclaimed as ragards any person in respect thereof. 


Project Ratings 

Projects presented in this issue are rated on a 1 to 5 for ease or difficulty of 
construction to help you decide whether it is within your construction capabilities before 
you undertake the project. The ratings are as folows 

Simple to build and understand and suitable for absolute beginners. Basic 

Of tools required (6.9,, soldering iron, side cutters, pliers, wire strippers and 
screwdriver). Test gear not required and no setting-up needed. 


Easy to build, but not suitable for absolute beginners. Some test gear (@.9.. 
mutiimeter) may be required, and may also need setting-up or testing, 











Average Some ski in construction or more extensive setting-up required. 


Advanced. Fairly high level of skill in construction, specialised test gear or 
setting-up may be required 

Complex. High level of skill in construction, specialised test gear may be 
required. Construction may involve complex wiring. Recommended for skilled 
constructors only. 


Ordering Information 

Kits. components and products stocked by Maplin can be easily obtained in a number 
of ways: 

Visit your local Maplin store, where you wil find a wide range of electronic products 

Ht you do not know where your nearest store is, refer to the advert in this issue or Tel: 
(0702) 552911. To avoid disappointment when intending to purchase products from a 
Maplin store, customers are advised to check availability before travelling any distance, 
Write your order on the form printed in this tssue and send it to Maplin Electronics, P.O. 
Box 3, Rayleigh, Essex. SS6 8LR. Payment can be made using Cheque, Postal Order, 
or Credit Card. 

Telephone your order. call the Maplin Electronics Credit Card Hotline on (0702) 554161 
It you have a personal computer equipped with a MODEM, dial up Maplin’s 24-hour 
onina database and ordering service. CashTel. Cashel supports 300-. 1200- and 
2400-baud MODEMs using CCITT tones. The format is 8 data bits, 1 stop bit. no parity, 
full dupiex with Xor/Xoff handshaking. All existing customers with a Maplin customer 
number can access the system by simply dialing (0702) 552941. If you do not have a 
customer number Tel: (0702) 552911 and we will happily issue you with one. Payment 
can be made by credit card. 

It you have a tone dial (DTMF} telephone or a pocket tone dialer, you can access our 
‘computer system and place orders directly onto the Maplin computer 24 hours a day by 
simply dialling (0702) 556751. You wil need a Maplin customer number and a personal 
identification number (PIN) to access the system. If you do not have a customer 
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number or a PIN number Tel: (0702) 552911 and we will happily issue you with one, 
Overseas customers can place orders through Maplin Export. P.O Box 3, Rayleigh. 
Essex, SS6 8LR, England; Tel: +44 702 554155 Ext. 326 or 351; Fax: +44 702 563935. 
Altematively contact your nearest overseas Maplin Agent, see the advert is this issue. 
Full details of all of the methods of ordering from Maplin can be found in the current 
Maplin Catalogue. 


Subscriptions 

Full details of how to subscribe may be found on the Subscription Coupon in this issue. 
UK Subscnption Rate: £19,92/12 months, £9.96/6 months. 

Prices 

Prices of products and services available from Maplin, shown in this issue. include 
VAT at 17-5% (except items marked NV which are rated at 0%) and are valid between 
3rd June and 31st August 1994, Prices shown do not include mail order postage and 


handing charges. which are levied at the current rates indicated on the Order Coupon 
in this issue. 


Technical Enquiries 

If you have a technical enquiry relating to Maplin projects, components and products 
featured in Electronics, the Customer Technical Services Department may be able 

to help. You can obtain help in several ways; over the phone, Tel: (0702) 556001 
between 2pm and 4pm Monday to Friday, except public holidays; by sending a 
facsimile, Fax: (0702) 553935: or by wnting to: Customer Technical Services, Maplin 
Electronics pic., P.O, Box 3, Rayleigh, Essex. SS6 8LR. Don't forget to include a 
stamped self-addressed envelope if you want a written raply! Customer Technical 
Semices are unable to answer enquiries relating to third-party products or components. 
which are not stocked by Maplin 


‘Get You Working’ Service 


If you get completely stuck with your project and you are unable to get it working, take 
advantage of the Maplin ‘Get You Working’ Service. This service is available for all 
Maplin kits and projects with the exception of: ‘Data Files’, projects not built on Maplin 
teady etched PCBs; projects buitt with the majonty of components not supptied by 
Maplin; Circuit Maker ideas; Mini Circuits or other similar ‘building block’ and ‘application’ 
Circuits To take advantage of the service, retum the complete kit to: Retums 
Department, Maplin Electronics pic. P.O. Box 3, Rayleigh, Essex, SS6 8LR. Enclose 

a cheque or Postal Order based on the pnice of the kit as shown in the table below 
(minimum £17). If the fault is due to any error on our part, the project will be repaired 
free of charge. If the fauit 's due any error on your part, you will be charged the standard 


servicing cost plus parts. 

Kit Retail Price Standard Servicing Cost 

up to £24.99 £17. 

£25 to £39.99 £24 

£40 to £59.99 £30 

£60 to £79.99 £40 

£80 to £99.99 £50 

£100 to £149.99 £60 

Over £150 £60 minimum 
Readers Letters 


We very much regret that the editorial team are unable to answer technical queries of 
any kind, however, we are very pleased to receive your comments about Electronics and 
suggestions for projects, features. series, etc. Due to the sheer volume of letters recetved, 
we are unfortunately unable to reply to every letfer, however, every letter is read — your 
time and opinion is greatly appreciated. Letters of particular interest and significance may 
be published at the Editors discretion. Any correspondence not intended for publication 
must be clearly marked as such. 

Write to: The Editor, Electronics - The Maplin Magazine. P.O. Box 3, Rayleigh, Essex, 
SS6 8LR. 
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There have been some significant 
developments over the last couple of 
weeks regarding the Government's position 
over funding of research and development 
within UK electronics companies. 

In the longer term, over the last 
few years for example, UK electronics 
companies have been complaining about 
the lack of involvement from the 
Government in terms of finance. In 
effect, the Government's stance has been 
increasingly stand-offish — letting the 
companies themselves foot the bill more 
and more, for research and development 
costs. Whatever anyone in the Government 
has to say about this, they cannot deny that 
this has been — and is — the case. Funding 
for several projects has been all but 
stopped, and many more projects, 
large and small, have been concluded 
unsatisfactorily. In other words, these 
projects have been scrapped because of 
money problems, and as a result, the UK 
is now losing out to overseas technology. 

Now, there are a few points to be made 
about this. Research and development, | 
believe, are the most important areas of 
industry. If a company does not research 
and develop new products today, its 
products — which may be eminently useful, 
reliable, serviceable, and saleable — will 
be junk tomorrow, with no hope of more 
products on-line to keep the company 
going. 

Secondly, it has to be the responsibility 
of the companies concerned to ensure 
that sufficient funds go into research and 
development — nobody can deny or doubt 
that. Any company which does not make 
sure that sufficient funding goes into its own 
research and development, can only expect 
the worst outcome. Without undertaking 
sufficient research into what products 
it should be producing, and without 
undertaking sufficient development work 
on those products, it cannot hope to have 
the products available in the future to 
satisfy demand. If a company makes 
sufficient profits from today’s products, then 
it must put an adequate proportion of those 
profits back into research and development 
to ensure that its future can be maintained. 


| UK Government! The Government has to 


| Joint European Submicron Silicon Initiative 


| funding from the Department of Trade 
, and Industry in the UK Government. 


| is more than | believe the UK Government 


| companies and the Government easier. But 
| dialogue is, after all, just talk. Just hot air. 





with Keith Brindley 


| If a company has the funds to do this, it 
| simply must do so. But, if a company has 


not got the funds to ensure research and 
development is maintained at a sufficiently 
high level, then it becomes its responsibility 
to seek them in other ways. 

Finally, whether or not companies 


work is carried out, the ultimate 
responsibility of ensuring this lies with the 


take into consideration national, continental 
and indeed global aspects of our 
companies. If UK companies can afford to 
pile in funds to pay for their own research 
and development, then it is the ultimate 
responsibility of the UK Government to 
ensure that they do just that — by rules, 
regulations, and laws. If UK companies 
cannot afford adequate research and 
development funds, or if UK companies, as 
a whole, are seen to be falling behind those 
of other countries, then it is the ultimate 
responsibility of the UK Government to do 
something about it — to keep our companies | 





| at least equal, but preferably ahead, of the 
| others. 


When news, such as that from the 


(JESSI) recently, becomes apparent, then 
obviously something is wrong. Apparently 
JESSI has made a general complaint about 
the consequences of UK companies pulling 
out of electronics research programmes 
throughout the continent, due to lack of 


To be fair to the UK Government (which 
has been to its own electronics industry 


over recent years), there is a small move 
to make dialogue between electronics 





There is no move yet to increase funding, 
which is what the whole thing is about. If 
companies do not reinvest enough into 


| research and development, and if the 


Government does not reinvest enough 
into research and development, then 
there is only worse to come. 





LIFE WiTH MiCRO CHP... 


On the Wire 

A reader, Mr R. H. of Liverpool, has 
responded to an earlier column which 
looked at cable television, suggesting 


| ameans of payment for subscriptions. 

| Subscriptions, and their collection, are 

| | abit of a tricky area in the multiplying new 
| themselves have the responsibility to ensure | 
| that adequate research and development 


entertainments media. Do you charge a 
fixed monthly rate, do you charge for events, 
do you charge pay-per-view, or do you 


| charge at all? What is fairest, what can the 
subscribers afford, and what is more, what 
can the providers get away with? (What, me 


be cynical?) 

Nevertheless, R. H. of Liverpool has an 
idea which needs to be considered. He 
notices the obvious connection between 
cable television providers and telephone 
providers (well, they all come into the house 
on a wire, don’t they?) and suggests that 
some form of tie-up could be made to allow 
metering of programmes coming inwards. 


| Much like the telephone itself, gas, electric, 


and water are all metered. 

What about it? A few ‘free’ channels 
— paid for by subsidy (from the UK 
Government?) or advertisements — could 
provide the basis for the cable network to 


| exist at all. Then, a few specialist channels 
| could exist, paid for purely by subscription, 


and the remainder of the channels could 
be metered, with watchers being charged 
by the hour, depending upon the material 
viewed. 

Metering in this way could lead to a 
higher take-up rate to cable networks, and 


| give everyone equal access to services — 


something which present charging systems 
do not (and cannot) — regardless of a 
household’s income. Coupled with this, a 
metering system is probably much cheaper 
to install in the first place than a mass of 
decoders with different decryption 
standards. 

Sounds plausible to me. Any ideas from 
the rest of our readers? 





The opinions expressed by the author are not 
necessarily those of the publisher or the editor. 











Blanche and Linda, Ffestiniog 
Railway, Tan-y-bwlch. 


© Copyright 1994 Brian 
Meldon, all rights reserved, 
used by permission. 





KIT AVAILABLE 
(LT39N) 


‘Past ay Slaw We hadneec 
ard kasi ek 
Demag ley Puleotia vig ete 


One effect that is normally missing fronr a model 
steam train layout is the sound of a chuffing 
engine. The Chuffer presented here produces a 
realistic chuff whilst the train is in motion, and also 
produces. a hissing sound which emulates escaping 
steam whilst the train is at a standstiil. 


_ RATING 





Please note: the optional 
box shown is not included 
in the kit and must be 
purchased separately. 
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N external amplifier and a 

Boe supply of up to +36V 
DC (absolute maximum) are 

required for use with the Chuffer. 
Adjustment of the ‘chuff’ rate can 
be made to match the train speed. 
Once in operation the changes in 
track voitage will be picked up and the 
Chuffer rate will alter automatically and 
lend realism to the model steam train 
set up. 


Circuit Description 

The block diagram of the Model Train 
Chuffer is shown in Figure 1, and the 
circuit diagram in Figure 2, these will 


assist the reader in understanding the 
circuit. 


The PSU 


An extemal power supply of +16 

to 20V nominal (+36V DC absolute 
maximum) can be used. Diode D9 
prevents damage to the circuit from 
accidental reverse polarity connection. 


The assembled PCB. 


Capacitor C23 provides the reservoir SPECIFICATION 

function, and capacitor C21 provides Supply Voltage DC: +15:5 to 36V DC 
the high-frequency decoupling. RG1 Supply Current 

is a 12V regulator preventing supply Quiescent: 15:-3mA 

variations from affecting circuit Operating: 17-1mA 
operation. Capacitor C19 provides Output Signal Level (nominal): 1V ms 


high-frequency decoupling at the Track Control Voltage Range: 16V maximum 
output of the regulator as well as 





Voltage Chuff detector Voltage Tone control 
controlled attenuation controlled & output 
oscillator control amplifier level control 


Track voltage 
control input 


Noise 
source 





Figure 1.. Block diagram of the Model Train Chuffer. 
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Figure 2. Circuit diagram of the Model Train Chuffer. 
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aiding stability. Resistors R21 and R22 | 
form a half supply reference, capacitors | 
C12 & C15 and C14 & C15 stabilise 

the half supply reference. 


White Noise Source 


IC2 is a 4046 Phase Locked 

Loop (PLL); with only the Voltage 
Controlled Oscillator (VCO) section 
used. The centre frequency of which 

is determined by C1, R1 and the bias 
voltage on pin 9. The clock output 

(pin 4) is fed into an 18 bit shift register, 
IC3; the several feedback loops around 
the register are manipulated by EXOR 
(EXclusive OR) gates IC4, to produce a 
pseudo random noise source. 


Track Voltage Detection 


Diodes D4 to 6 form a full-wave bridge 
rectifier (which is required to maintain 
the track control voltage with the same 
polarity, whatever direction the train 

is moving). C6 removes the HF noise 
generated by the train motor and C4 
smooths the track voltage; as more 
often than not, train ‘controllers’ are 

a transformer/rectifier combination 
without decoupling. The preset RV 1 

is used to set the maximum chuff rate 
when the train is at realistic maximum 
speed. 


Chuff Modulator 


IC1 is an LM13700, a dual 
Operational Transconductance 
Amplifier (OTA); half of which is 
configured as a VCO (IC1a). The 
voltage from RV1 is converted to a 
current via resistor R5; the current 
combined with the capacitor C2 
determine the oscillator frequency; 
resistors R2 and R4 determine the 
gain. The intentionally clipped 
triangular waveform output of ICla 

is then applied to the VCA (IC1b) via 
TR1 and R245 as a modulation signal. 
The waveform is also fed to the hiss 
attenuator and IC2 (the voltage control 
input) of the noise source oscillator to 
sweep the noise source to emulate a 
voltage controlled filter (VCF). 


Hiss Attenuator 


The triangular feed through waveform 
of capacitor C11 (from IC1a) switches 
on transistor TR2 and charges 
capacitor C10; the charge on capacitor 
C10 keeps the transistor TR1 switched 
on, which effectively short circuits 
resistor R6. 

When there is no signal output from 
IC1la (no voltage at the control input 
of IC 1a); this allows the capacitor C10 
to discharge via transistor TR1 and 
resistors R12 & R10. Transistor TR1 
will then switch off; the DC output 
voltage of the IC1a is then attenuated 
via R6 and R10, reducing the output 
of IC1b. 


Chuff Modulation 


The noise source is applied to the input 
of IC 1b, which is a Voltage Controlled 
Attenuator (VCA); the noise is then 
modulated by the control voltage from 





the VCO (IC1a). The resulting ‘chuff’ 
output Is then attenuated and filtered 
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by R24, R26 and C22, then buffered 
by the Darlington emitter follower 
(internal to the IC1) before being fed 
to the output volume control RV2. 


Construction 


The PCB legend and track are shown 
in Figure 3, and will assist in the 
construction of the PCB. The 
construction is fairly straightforward, 


The assembled PCB in the optional case. 








begin with the smallest components 
first and then work up in size to the 
largest. 

Identify and fit the resistors, use the 
component offcuts for the wire links. 
Identify and fit the diodes making sure 
that they are onentated correctly on 
the board according to the legend. 
Next fit the capacitors, making sure 
that the electrolytic capacitors are 











Figure 3. PCB legend and track. 
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Hole Data 





Ref Size No. 


A 03.5 4 
B 96.35 1 
Cc 68 1 














Figure 4. Box drilling details. 


correctly orientated on the board. 
Identify, fit and solder the regulator, 
this has the same case style as a 
transistor. Identify the two preset 
resistors, fit and solder. Insert the PCB 
pins from the track side, and then fit 
the DIL IC sockets orientating the notch 
as per the legend and solder in 
position. The IC should be inserted 
into the sockets last of all. 

Thoroughly check your work for 
misplaced components, solder whiskers 


















































Figure 5. Assembly and wiring diagram. 
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bridges and dry joints. Finally, clean all 
the flux off the PCB using a suitable 
solvent. 


Optional Case 


The choice of case is left up to the 
individual constructor. A recommended 
optional case is the multi-purpose 
black plastic type MBS (LH22Y). 

The optional box drilling details are 
shown in Figure 4, and these show the 
details for the positioning of the PCB, 





Section in direction ‘AA’ 











Third angle 











the phono audio socket, the 2:‘5mm 
power socket and the two terminal 
posts. Fit the PCB into the case on to 
the two insulated spacers, and fit the 
terminal posts and the sockets. Wire 
up the relevant connections using 

the hookup wire from the sockets and 
terminals to the pins on the PCB, refer 
to the exploded assembly and wiring 
diagram in Figure 5, Do not fit the lid 
to the enclosure as the next job is to 
test the module. 


Testing 


Turn RV1 and RV2 to the midway 
position (12 o'clock); connect the 
Chuffer signal output to a suitable 
amplifier, connect the track sense leads 
to the module, then connect a suitable 
PSU (+15-5 to 36V DC) to the module. 

Turn the PSU and the amplifier ‘ON’; 
place a train on the track and turn the 
supply ‘ON’. Increase the track voltage 
until the train is moving; adjust RV2 
for the required volume level. 

Increase the track voltage until the 
train is at full-speed; then adjust RV1 
until the ‘chuff’ rate matches the train 
speed. Reduce the track voltage to 
zero; the ‘chuffing’ should stop and a 
continuous ‘hissing’ should be heard; 
after a few seconds the hiss level will 
reduce. 

The train Chuffer is now fully tested 
and adjusted; all that is left to do is to 
fit the lid on the box (and to find some 
way of emulating the smell of a steam 


train). iving! 


Happy train dri 


MODEL TRAIN CHUFFER PARTS LIST 


RESISTORS: All O-6W 1% Metal Film (Unless specified) MISCELLANEOUS 

R1,8 100k (M 100K) 16-pin DIL IC Socket 

R2 1k5 (M1K5) 14-pin DIL IC Socket 

RS 150k (M 150K) Single-ended PCB Pin 

R4 15k (M15k) Imm (0:04in.) 1Pkt (FL24B) 

RS;2S 27k (M27kK) PCB 1 (GH80OB) 

R6 3k9 (M3K9) Instruction Leaflet ] (XU71N) 

R7,14 3k3 (M3K3) Constructors’ Guide ] (XH79L) 

Ro TS 222 1k (M1k) 

R10 5k6 (M5K6) OPTIONAL (Not in Kit) 

Peale ales 470k (M470k) Multi-purpose ABS Box 

R12 47k (M47K) Type MB3 | (LH22Y) 

R16,19 560Q (M560R) Chassis Phono Socket 1 (YWO6G) 

R17 12k (M 12K) 2-5mm Power Socket 1 (JK10L) 

R18,25 4k7 (M4K7) Red Terminal Posts Small 2 (FD72P) 

(M1M) M3 x 10mm Insulated 

(M10K) Plastic Spacer 1Pkt (FS36P) 
2A Hookup Wire Black 10m_ 1Pkt (BLOOA) 


(BL19V) 
(BL18U) 


2 
2 


R20 1M 

R24,26 10k 

RV1,2 4k7 Horizontal 
Enclosed Preset 


NO NSN SENeHNHRNAaHNHKHKN 


(UH15R) 


ae ea 2200pF Ceramic ' (WX72P) The Maplin ‘Get-You-Working’ Service is available for 
eram| this project, see Constructors’ Guide or current 
ae . 470nF Poly Layer 2 (WW49D) Maplin Catalogue for details. 
je : 3 The above items (excluding Optional) 
14,17,19-21 100nF SOV Disc Ceramic 11. (BXO4D) 3 ; : : 
C4,5,13,15  47uF 16V Miniature Electrolytic4  (YY37S) so piven Nl eae eles Sara 
C10,11,24  10QuF 16V Minia Electrolyti YY34M : Pas 
Cis SS el ee oe Order As LT39N (Model Train Chuffer Kit) 
C22 680pF Ceramic (WX66W) Price £9.99 
C23 470uF 35V Radial Electrolytic (FF16S) ae A aeies 9y act con | are i in 
the Parts List (e.g., packet, strip, reel, etc.), the 
SEMICONDUCTORS exact quantity required to build the project 
aee ee pase) will be supplied in the kit. 
D1- IN414 (OQL80B) 
RG1 LM78L12ACZ (WQ77J) The following new item (which is included in the kit) 
TRI BC548 (QQ17T) is also available separately, but is not shown 
fom Sas OON pe et Aud in the 1994 Maplin Catalogue 
oO Bee ee po Model Train Chuffer PCB 
IC3 HCF4QO6BEY (QX03D) Order As GH80B Price £2.99 
IC4 HCF4070BEY (OX26D) 








PCB / Schematic CAD - From £98 


EASY-PC - For single sided and 
multilayer boards to 17"x17". 
Phenomenally fast and easy to use. 

Over 18,000 installations worldwide. 
EASY-PC Professional for boards up to 
32" x 32" at .001" resolution, 16 layers. 
Schematic capture and netlist extraction - 
integrates seamlessly with PULSAR and 
ANALYSER III. 


Logic Simulation - from £98 


MAKE YOUR INTERESTS PAY! 


Train at home for one of these Career Opportunities 























Over the past 100 years more than 10 million students throughout the 
world have found it worth their while! An ICS home-study course can 
help you get a better job, make more money and have more fun out 
of life! ICS has over 100 years experience in home study courses 
and is the largest correspondence schoo! in the world. You learn at 
your own pace, when and where you want under the guidance of 
expert ‘personal’ tutors. Find out how we can help YOU. Post or 
phone today for FREE INFORMATION on the course of your choice. 
(Tick one box only!) 











































































=3—% ; 7 === 22.21 PULSAR and PULSAR Professional - 
J | GCSELA’ LEVEL over 40 examination subjects to { 4 “| Full featured digital logic simulators. 
choose from. ASK FOR DETAILS. " 4 Allow you to test your designs quickly 
I _| and inexpensively without the need for 
| Electronics | xen Repair Oo | | -| sohisticated test equipment. 
j I i PULSAR can detect the equivalent of a 
C & G Basic Electronic TV, Video & Hi-Fi i = =}, Picosecond glitch occurring only once a 
f | i i J Eo ee —| week! 
Engineering (| Servicing oO =— a 
f | Computer Programming CI l Analogue Simulation - from £98 
l ! = == gos = qs} ANALYSER Ill and ANALYSER III Pro. 
| { “——~ 22) Powerlul linear circuit simulators have full 
I { “5 ‘ |.«| graphical output, handle R's, L’s, C’s, Bipo- 
<= \«=| jar Transistors, FET’s, Op-Amp’s, Tapped 
i | a /..| Transformers and Transmission Lines etc. 
i I = |..| Plots Input and Output Impedances, Gain, 
ape == Phase and Group Delay. Covers 0.001 Hz 
I I ott ee Se ee | to greater than 10GHz. 
i eneneates LU For full info’ please phone, fax or write to: Esau 
I Adaress: I I AWARD 
I \ Number One Systems Ltd. 1989 
REF: MAP, HARDING WAY, SOMERSHAM ROAD, 
I P.Code ! ST. IVES, HUNTINGDON, CAMBS, England, PE17 4WR 
I International Correspondence Schools, Dept. EKS74 I Telephone: 0480 461778 (7 lines) Fax: 0480 494042 
| 312/314 High Street, Sutton, Surrey SM1 1PR. | International: +44 480 461778 Credit Cards Welcome 
Tel: 041 221 7373 (24 hours). Fax: 041 221 8151. J 
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A readers forum for your views and comments. , 
If you want to contribute, write to: 


Back to Basics 


Dear Sir, 

am very interested in electronics 

as a hobby. | have a couple of years 
experience of building up various kits; 
with varying degrees of success. But | 
now find | don’t completely understand 
everything about resistors. | keep 
looking in your magazine; which | 
subscribe to, for any good ideas, but 
as yet | haven't really found anything, 
I'm still left wondering. Please could 
you advise me where | can find out 
more about resistors, so that an 
enthusiastic amateur, like myself, 
could leam ail about them starting 
right from the very beginning. 

D. B. Pike, Swindon, Wiltshire. 


Whilst to some more ‘advanced’ 
readers this may seem a trivial matter, 
it must be remembered that all of us 
had to start somewhere. A thorough 
understanding from the ground up 

is necessary to avoid pitfalls later — 
where better to start than with the 
most basic and most commonly 
used component, the resistor. | have 
consulted the great oracle (actually 
our Sanyo Icon mainframe computer) 
and am now enlightened with the 
knowledge that you started your 
subscription with Issue 59/November 
1992 — what this basically means is 
that you have probably missed the 
articles that would help you most! 
Unfortunately, the issues in question 
have long since disappeared into the 
mists of time, but do not despair, help 
is at hand from those awlully nice 
Customer Services people, they can 
provide photocopies of articles from 
out of print issues (for a charge of 
coursel); to contact them Tel: (0702) 
552911, Hunting for those elusive 
articles published in previous 
magazines can be time consuming, 
but can be made very much easier 
if you have a copy of the Electronics 
Magazine Index, XA87U, price 80p. 


The following articles and series are 
likely to be of interest: 

Electronics Chronicles — A brief history 
of electronics: issue 10/March—-May 84 
to Issue 16/September-November 
1985 (except Issue 15). 

Which Resistor: /ssue 21/December 
1986—February 1987 (part of a series 
of six Which Component articles). 
Resistors in Series and Parallel: issue 
47/November 1991. 

Passive Electrical Component Guide — 
Resistors: Issue 51/March 1992 (part 
of a series of three articles). 


Hints and Tips 

Dear Editor, 

As a fellow scribbler of a certain 
vintage, I've been quite regaled by the 
backward glances in your own and 
some other current publications, e.g., 
Hi-Fi World. These are largely centred 
around valves and their technology, 
which | and other old hands have 
been inclined to dismiss in a vain 
attempt to be ‘with it. However, 
occasionally we recail a few valuable 
tricks which seem to have been 
forgotten, and | have a couple which 
are pertinent. Graham Dixey’s series 
has been instrumental in bringing them 
back to mind. 

The first ‘trick’ stems from Figure 10, 
Issue 72 (December) about which he 
remarks “it is impossible to realise the 
full gain of (the pentode) valve....” 
Jefferies in a 1940’s Wireless World 
article showed how to reclaim most 
of it with but two extra components. 
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STAR L:E:T-T-E-R 


This issue Mr J. J. Darlow, of West 
Midlands, wins the Star Letter Award 
of a Maplin £5 Gift Token for his 
letter about sub-woofer crossovers. 
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Movable Sub-Woofers 


Dear Sir, 

Further to your reply to Mr Thome’s 
letter in your May issue, conceming 
active sub-woofer filters, would it be 
possible to state modifications to the 
circuits, to allow them to operate from 
a 12V car battery, especially for us 
non-technical readers? Also can the 
fitters ‘crossover’ at say, 100Hz by 
dividing the low pass resistors and 
high pass capacitors by 0-5? 


It is possible to alter op amp circuits, 
formerly designed for split rail 
operation, to work from a single-ended 
supply. In the referred example (Figure 
19, page 50, Issue 75), it is simply a 
case of deriving a ‘centre tap’ from 
your 12V supply, by having two 
identical value resistors (e.g., 100kQ 





each) in series across your 12V, and 
following the junction between the two 
with another unity-gain op amp, the 
output of which can be used as a low 
impedance source of 6V. The 
common line marked ‘OV’ in Figure 19 
connects to this, and you should also 
decouple it to ground (battery minus) 
with say 100uF. However, since | 
suspect you are going to treat the 
battery (—) terminal as ‘earth’, you will 
also need DC blocking capacitors in 
series with all inputs and outputs of the 
circuit, say 100nF at the inputs and 
10uiF at the outputs. 

Of course the filter values can be 
altered for 100Hz, and it should be 
feasible to double the 10k resistors to 
20k, and the 47nF capacitors to 
100nF, to achieve the desired result. 
The actual performance should be 
verified though. 


1 0.0.2.0. 0.0.0,9.0.0.0.0.0,0,0,0.0.4 


If you divide the pentode anode load 
(250k in Figure 10) into two and take 
the junction via a capacitor to the 
bottom of the triode bias resistor 
(which can be advantageously 
shunted with 47yF) then the inherent 
high input impedance multiplier of 
the cathode follower part of the 
concertina, or ‘top and tail’ splitter 

is seen by the pentode as its anode 
load. This ‘generated’ high 
impedance means that the coupling 
capacitor can be much smaller, say 
10nF and the added C perhaps 
220nF. 

The second trick relates to the long 
tailed pair made popular by Mullard 
and your latest Millennium amplifier. 





This arrangement is quite badly 
unbalanced at high frequencies 
because the shunting of the first 

stage pentode by the Miller capacity 

of the common cathode first triode is 
reflected at its anode feed to the upper 
output valve; an effect which produces 
a roll off and phase shift denied to the 
second triode whose grid is effectively 
grounded. A solution was put forward 
by Professor Baily of Bradford 
University in the 60s, and 
subsequently used in the Radford 
amplifiers. If the double triode used 

for the long tailed pair is replaced by 

a triode pentode and the latter used for 
the input section the Miller effect at the 
root of the problem is largely negated. 





The Editor, ‘Electronics - The Maplin Magazine’ 
\ P.O. Box 3, Rayleigh, Essex, SS6 &LR. 


Again only two extra components are 
required, a screen feed resistor and 
decoupling capacitor. 

With regard to the Millennium might | 
suggest the omission of R12 and the 
insertion of a 10k preset at the junction 
of R10 and 11 with the slider to the 
HT rail. The omission of C12 & C13 
and the substitution of 220 or 270Q 
common cathode bias resistor with a 
parallel headphone jack would then 
permit accurate nulling on programme 
for an exact balance. 

Geoffrey Horn, Oxford. 


The first ‘trick’ you describe is perfectly 
valid and has also been used quite 

a lot in transistor circuits in various 
forms, and became known as ‘boot- 
strapping’. 

As regards the Miller effect of the 
first phase Splitter triode, your 
suggested cure is obviously valid. 
in Millennium’s defence though ! 
should mention that this particular 
configuration (as per Mullard) gets 
around the problem by exploiting its 
high open-loop gain (76dB), hence 
good HF response is maintained. In 
any case bandwidth is deliberately 
limited at the upper HF by the RC 
stabilising components around the 
anode foad of V1. 

The 10k preset idea is naturally 
preferred, but requires that you have 
test gear to set it up with, e.g., a dual 
trace ‘scope and AF generator. 

The omission of C12 & C13 is not 
recommended, since maximum 
available open-loop gain is required 
for best performance from ‘ultra-linear 
mode. The cathodes could be 
commoned, but then you will need 

a matched pair of pentodes.... 


Ni-Cd Phenomenon 


Dear Editor, 

Having been a ‘dabbler in electronics 
for around 50 years, | often get 
people asking me to fix things. This 
one, however, has me beat. At first | 
thought it was a bad set of Ni-Cds in 
a ‘KERNOW’ hand-held CB. Now | 
am baffled because it has happened 
three times with the same make of 
radio. So boffins, what do you make 
of this: Charge Ni-Cds either in set 
or separate charger. Turn radio 

on and wait 10 mins. Ni-Cds have 
dropped approximately 0-05 volts 
progressively, i.e. 1-5, 1-45, 1-40, 
etc., from the minus end to positive 
being the lowest. Wait another 10 
minutes and the first three out of the 
ten in series at the positive end are 
flat! Recharge and swop round and 
the same thing happens. | have 
tried several sets of cells including 
ordinary batteries which do exactly 
the same thing. But ordinary batteries 
only drop voltage on the last three 
to any measurable extent; still at the 
positive end. Not allowed to dip into 
the CBs but that is not the point. 
Does anyone know what is going 
on? 

David Eveleigh, Hertfordshire. 


It rather sounds as though there 

is a low impedance leakage across 
the three cells for some reason, 

but this doesn’t make sense if the 
phenomenon is common to other 
radios of the same model. One 

idea that occurred to us is that 4-5V 
from the positive end is being used 
for some additional lower voltage, 
higher current function, such as LED 
displays. Or it could have something 
to do with how much the transmitter 
is being used! 
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Acorn’s RISC PC is Arm Powered 


Acorn’s new range of RISC PCs 
launched last month use Advanced 
RISC Machines’ (ARM) technology, 
demonstrating the versatility of the ARM 
family of microprocessors and periph- 
erals. The machines incorporate three 
ARM-designed ICs — a high perfor- 
mance ARM RISC processor, an 
advanced video controller and an IO 
controller, configured in an innovative 
machine architecture. 

Commenting on ARM technology, 
Sam Wauchope, Managing Director of 
Acorn Computers Ltd. stated; “The 
Acom ARM partnership is all about com- 
bining world leading technology with cre- 
ative systems knowledge to make 
advanced products affordable to the 
consumer. RISC PC underlines our firm 
commitment to the ARM architecture 
and its flexible design approach which 
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will readily allow Acorn direct CPU 
upgrades as new members of the ARM 
family are introduced.” 

The ARM devices, combined with a 
multiple-bus structure, dual ported mem- 
ory and direct memory access (DMA) 
data transfer, position the Acorn RISC 
PC in the emerging multi-media market. 
Multi-media systems are required to 
process large amounts of unstructured 
data and present this information ina 
high-quatity graphical and audio format. 
This is difficult to achieve cost-effectively 
using conventional standard IBM PC- 
based systems. 

To obtain the required processing 
capability Acom is using the high perfor- 
mance 32-bit ARM610 microprocessor 
incorporating a 4KB cache and a 
Memory Management Unit (MMU). 
Video processing and IO operations are 
handled by customised devices, VIDC20 
and IOMD, designed by ARM to Acorn 
requirements. 

The VIDC20 video controller supports 
VGA, Super VGA and XGA levels of res- 
Olution with up to 16 million colours. The 
maximum pixel rate is 110MHz at a 
bandwidth of 38MB/s for the base 
machine, rising to 76MB/s with 1MB of 
VRAM and 152MB/s with 2MB of 
VRAM. This makes the Medusa RISC 
PC range ideal for manipulating the 
large amounts of video data associated 
with fast moving multi-media images. 

The IOMD (Input Output Memory 
Device) directly services peripheral 
devices such as CD-ROM drives, key- 
board, mouse and joystick. Interfacing to 
the main 32-bit system bus, the |OMD 
fully supports DMA data transfer into a 
maximum 256MB of main memory. 
These features allow data to be efficiently 
transferred around the system without 
waiting for spare CPU cycles or for data 
on an overburdened bus to clear. 
Contact: ARM, Tel: (0223) 400400. 


Tape Streamer Performance Trebled 


Transitional Technology International 
(TTi) has launched a new range of half 
inch streaming tape subsystems which, 
with a 20GB capacity and 2-5MB/second 
data transfer rate, offers two to three 
times the performance of any other tape 
drive in their class. 

The TTi Series 2000 uses DLZ (Digital 
Lempel-Ziv) data compression to double 
the capacity of the 10GB cartridge 
media. The drive includes a dual- 
channel read/write head and data com- 
Paction to enhance further capacity and 
performance. A tape mark directory and 
adaptive cache buffer maxlmlse data 
access time and absorb slower host 
data rates without interruption. 

The new drive employs an embedded 
SCSI-2 interface, both differential and 
single ended, coupled with a set of con- 
figuration switches to enable the tape 
subsystem to be used on a wide variety 
of platforms including Digital, DEC 
Alpha, IBM RS/6000, Sun, Apple 
Macintosh, PCs and Novell networks. 

An intelligent front panel display, mon- 
itors remaining tape capacity in 
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megabytes, ECC error correction code 
usage, as well as tape movement, qual- 
ity and wear; all in real time without host 
or user intervention. Contact: Trans- 
itional Technology International, Tel: 
(0295) 269000. 


WordPerfect Provides 
Mobile Communication 
Tools 
WordPerfect has unveiled a workgroup 
computing solution for mobile users, pro- 
viding them with a variety of ways 
to send and receive electronic mail, 
schedule requests and tasks. The 
WordPerfect Office mobile computing 
solution allows users to access 
electronic information contained in 
WordPerfect Office through WordPerfect 
Office Remote for both Windows and 
DOS, two-way wireless technology, 
paging services, telephone access and 
public carrier access. 

The WordPerfect Office mobile com- 
puting solution offers users remote 


Wafer Testing 

SiProbe is a new development in semi- 
conductor test technology which incor- 
porates tiny 25m diameter probes with 
a density of up to 40,000 probes per 
square centimetre. 

The new ‘silicon probe’ card from The 
Peak Group is designed to aid the test- 
ing of complex semiconductor wafers by 
incorporating probes positioned with the 
same levels of precision that are inher- 
ent in the integrated-circuit manufactur- 
ing process. 

In addition, the card is made from sili- 
con and therefore has the same coeffi- 
cient of expansion as the semiconductor 
wafer, thereby compensating for the 
variations in temperature that occur dur- 
ing testing. 

This technique allows the entire sur- 
face of a chip to be covered with reliable 
contacts and also allows the simultane- 








ous testing of several integrated circuits. 
The flexible arrangement of the probes 
allows parallel probing in any configura- 
tion, so that individual chips on the wafer 
can be scanned along optimum paths. 
Contact: The Peak Group, Tel: (091) 
387 1923. 


Communication Systems Under Windows 3 


Loughborough Sound Images (LSI) 
Advanced Transmission Library (ATL) 
allows designers of radio, wire and fibre- 
optic transmission systems to rapidly 
simulate and prototype their designs ina 
Windows environment. 

Users construct their designs by inter- 
connecting standard and custom func- 
tion blocks on the PC screen. ATL 
provides a wide range of communica- 
tions-specific standard blocks including: 
baseband transmission models; modu- 
lation/demodulation; carrier and clock 
recovery; arbitrary filter design; fibre- 
optic transmission; and system perfor- 
mance measures. 

The new filter design facilities enable 
the modelling of transmission links, and 
the testing of various equalisation 
schemes, by allowing users to simply 
vary the filter parameters. Engineers can 
work in the time domain, allowing them 








to optimise pulse-response and reduce 
intersymbol interference. 

For those analysing phenomena such 
as amplitude and phase distortion, fre- 
quency-domain optimisation is included. 
Contact: Loughborough Sound Images, 
Tel: (0509) 231843. 





Satmaster for Windows 
Communications expert DJ Stephenson 
has designed Satmaster for Windows 
targeted at satellite TV installers, design- 
ers, system engineers, managers and 
enthusiasts. 

With this software package there is no 
need for tedious mathematical calcula- 
tions to determine if a proposed satellite 
system will give sparklie-free pictures, 

The program allows users to test per- 
formance before installation. {t gener- 
ates all the necessary ‘look angles’ for 
fixed and motorised dishes at any loca- 
tion in the World. It also calculates mul- 
tiple full link budgets and indicates the 
minimum size dish to maintain quality 
images. 


access to: e-mail, calendars and pro- 
gram tasking through WordPerfect 
Office Remote for Windows and DOS; 
paging services through Motorola; wire- 
less technology through RAM Mobile 
Data (Cellnet and Vodaphone); the tele- 
phone through the WordPerfect Office 
Telephone Access Server (TAS); and 
Public carriers. Contact: WordPerfect, 
Tel: (0932) 850505. 


Data Access 

AT&T Microelectronics has produced a 
free 12-page booklet showing a wide 
variety of Data Access Arrangements 
(DAA) used to connect voice and data 
signalling circuits to the telephone line. 
Such functions are required in modems, 
fax machines, answering machines, and 
some types of telephone. 

The booktet is illustrated with both cir- 
cuit and block diagrams, and shows the 
designer how AT&T’s solid state relays 
(SSR) can be used to implement func- 
tions such as on/off hook control, ring 
detection and loop current sensing. 
Contact: AT&T, Tel: (0732) 742999. 





Satmaster Pro comes with more than 
30 satellite footprints already in the 
graphics file. Users can add their own 
via a scanner. In addition, there is a 
20,000 word Hypertext technical guide 
with fault-finding, cable specs and site 
survey guide. 

The Satmaster Pro for Windows pro- 
vides displays beamwidth and lobe pat- 
terns for various size dishes, graphs and 
tables. 

Satmaster Pro for Windows requires 
an IBM compatible PC/AT 286/386/486 
computer with MS DOS, Windows 3.1 
and 3MB minimum of hard disk space. 
Contact: Swift Television Publications, 
Tel: (0793) 750620. 


MODEM LINE INTERFACE 
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BS ITIONS 
WITH AT&T LH1500 SERIES RELAYS 


MIPS 64-Bit RISC and 
intel Combined 

Leading high-end computer manufac- 
turer Direction Technology Ltd. Is the 
first UK manufacturer to combine the 
versatility of MIPS 64-bit RISC and Intel- 
based CISC in a single machine. 

Direction Technology will supply the 
MIPS 64-bit RISC NiTro-VLB Windows 
NT card from the ShaBLAMMI 
Computer Corporation in its 486 and 
Pentium based machines. The card 
combines a MIPS 100MHz 64-bit R4600 
RISC microprocessor with a 15ns cache 
memory expandable from 16 to 64MB. 
Benchmark tests have shown up to six 
times speed improvement over 486 
computers and twice the performance of 
Pentium 60MHz systems. 

This option enables users who want 
to switch to Windows NT under the 
superior RISC environment to maintain 
existing DOS based applications 
while providing an affordable MIPS 
64-bit RISC environment. 


Fileserver and workstations are avail- 
able now from Direction Technology 
ahead of other 32-bit environments. 
Information on price and delivery is avail- 
able on request. Contact: Direction 
Technology, Tel: (0483) 454400 





Intel to Appeal 
Microcode Case 


Intel is to appeal against a verdict, which 
found that AMD has a licence to copy 
microcode in Intel's microprocessor and 
peripheral products such as the 287 
maths co-processor. Intel will continue to 
pursue the remaining issues in the 
Am386 and Am486 lawsuits, pending 
the appeal of this verdict. 

The jury’s verdict followed a retrial of a 
case which first decided in Intel's favour 
in 1992. in that earlier trial, a jury found 
that AMD did not have rights to copy 
Intel's microprocessor microcode. 





According to Intel Vice-President 
Thomas Dunlap, “This verdict impacts 
only one claim in Intel's case against the 
AM386 and AM486 microprocessors. 
Intel's case against those products is not 
limited to AMD's infringement on Intel's 
basic microcode programs. Those prod- 
ucts also infringe Intel's copyrights for 
certain contro! programs and for its In- 
Circuit-Emulator (ICE) microcode, which 
was specifically excluded from any 
microcode licence. Whether AMD has 
rights to the ICE microcode will be 
decided at a new trial expected to begin 
in April". Contact: intel, Tel: (0793) 
696000. 





High-Speed Locking for RDS 


Fabricated using the company's 


SUBILO-N laterally isolated bipolar dif- 
fusion process, the TSA6060 PLL 
Frequency Synthesizer IC from Philips 
Semiconductors combines low power 








operation with high-speed frequency 
locking and on-chip loop amplifiers. 
Targeted for use in applications such 
as RDS (Radio Data System) car radios, 
where fast channel switching capabilities 
are required, the TSA6060 incorporates 
phase-locked-loop that can be switched 
between a high-gain mode for fast fre- 
quency locking and a lower-gain mode 
for stable, jitter-free frequency synthesis. 
Current mode switching to the inputs 
of its loop filter amplifier allows the 
TSA6060 to achieve very low noise lev- 
els — typically better than 60 dB in many 
applications. Separate on-chip prescalers 
and loop amplifiers are provided for fre- 
quency synthesis in the AM and FM fre- 
quency bands, with both the AM and FM 
PLL operating from the same 4 or 8MHz 
crystal frequency. Contact: Philips 
Semiconductors, Tel: (31) 40 72 20 91. 





Novell Spearheads 

Open Integration 
Networking software company Novell 
has announced the formation of a new 
consortium of telecommunications com- 
panies designed to drive forward com- 
puter-telephony integration. 

The announcement marks further 
broad industry support for Telephony 
Services Application Programming 
Interface (TSAPI), which is an open soft- 
ware standard used by programmers 
to enable the integration of computer 
and telephone networks. The first mem- 
bers of the Novell Open Telephony 
Association (NOTA) are Alcatel, AT&T, 
Dialogic, Ericsson, Globa! Communi- 
cations, GPT, Interconnect Mitel, Philips, 
ROLM and SDX. These companies will 
now support TSAPI in their own products. 

TSAP| itself is based on the Computer 
Supported Telephony Applications 
(CSTA) standard, which is widely 
referred to in Europe as computer-tele- 
phony integration (CTI). This standard 
was initiated more than 5 years ago by 
the European Computer Manufacturers’ 
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Association (ECMA) and has achieved 
support from major computer networking 
and telephony companies. TSAPI is a 
server-based standard and so provides 
a cost-effective solution to the require- 
ments of companies with distributed, 
client/server applications. Contact: 
Novell, Tel: (0344) 724000. 





Terminal Block Goes 
Round the Bend 


A new IMO range of terminal block con- 
nectors with the terminals angled at 45° 
will simplify connection procedures and 
protect board components when high 
density circuit boards are installed. 
Totally compatible with IMO's existing 
plug and socket range, the new 45° con- 
nectors increase the number of options 
available to IMO customers. 

IMO 45° terminal blocks combine the 
functions of terminals and connectors. 
They make it easy to disconnect boards 
for repairs or servicing quickly without 
any risk of subsequent cross connection. 
Contact: IMO, Tel: (081) 452 6444. 








Special Report from 
The European Computer 
Trade Show 


The Spring European Computer Trade 
Show (ECTS) acts as a spearhead for its 
counterpart event in the Autumn. A sort 
of taster of what we can expect retailers 
to have in their shop-fronts come 
Christmas. Wandering around London's 
Islington Design Centre, we expected 
to find virtual reality and CD-ROM set- 
ting the pace; but there was very little to 
get excited about. There are going to be 
some very disappointed children around 
the Christmas tree this December. 

A glimmer of hope from what appears 
to be a stagnating industry is the 
3DO Company. The 3DO Interactive 
Multiplayer system is an innovative 
audiovisual TV set-top box. At the heart 
of the 3D0 system is a custom chipset 
based around the ARM RISC processor, 
that generates photo-realistic graphics, 
fluid animation, CD-quality digital sound 
and fast-paced interactivity. 

Based on digitised film reel, 3DO soft- 
ware is unique in allowing the game 
player to become part of an interactive 
film; but the Multiplayer offers more. The 
platform allows users to play almost any 
CD-format. The hardware supports con- 
ventional audio CD, Kodak's photo CD 
and video CD. 

Complete speculation surrounds the 
launch date — it could be midsummer if the 
games press is to be believed, or anytime 
between mid-June and Christmas if you 
talk to personnel within 3D0. 

A reassuring announcement for parents 
to come out of ECTS, is that ELSPA, (the 





European Leisure Software Publishers 
Association) is to introduce a system of 
self-regulation for the games industry. The 
scheme is designed to ensure respons- 
ible behaviour among ELSPA’s members, 
which consists of computer and video 
games manufacturers throughout Europe. 

Central to self-regulation is a system of 
rating computer and video games accord- 
ing to age suitability. The rating system will 
introduce four age categories of game; 3 
to 10, 11 to 14, 15 to 17 and 18 plus. 

Games published during the last 
month are the first to use the rating sys- 
tem, with many software houses keen to 
badge existing titles. 

We would like to urge readers with 
strong comments on any electronic game 
to contact ELSPA. Please forward any 
correspondence to the Editor, Robert Ball 
or News Editor, Stephen Waddington. 

Contacts: ECTS Tel: (081) 742 2828; 
The 3D0 Company Tel: (415) 261 3236; 
ELSPA Tel: (0386) 830642. 
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Every possible effort has been made to 
ensure that the information presented 
here is correct prior to publication. 
To avoid disappointment due to late 
changes or amendments, contact 
event organisations to confirm details. 


25 May. Computing Exhibition — 
Windows NT, Olympia, London. Tel: 
(0256) 3812456. 


4 to 5 June. Special Event Station on 
Southend sea-front, Southend & 
District Radio Society, Southend. Tel: 
(0702) 353167. 


6 June. D-Day Commemoration 
Display, with working transmitters and 
receivers from World War II, Wireless 
Museum, Puckpool Park, Seaview, near 
Ryde, Isle of Wight. Tel: (0983) 567665. 


7 June. Using Integrated Circuits, 
Sudbury and District Radio Amateurs. 
Tel: (0787) 313212. 


7 June. Multimedia Exhibition, Earls 
Court, London. Tel: (081) 742 2828. 


8 June. Junk Sale, Lincoln Short 
Wave Radio Club, Lincoln. Tel: (0427) 
788356. 


8 June. Mobile Communications 
Exhibition - CELLEX, Barbican Exhibition 
Centre, London. Tel: (0883) 343139. 


11 June. Record & CD Collectors Fair, 
Royal Horticultural Halls, London. Tel: 
(0273) 463017. 


15 June. Walking Treasure Hunt, 
Lincoln Short Wave Radio Club, 
Lincoln. Tel: (0427) 788356. 


18 June. Electromagnetic Com- 
patibility (EMC), Crystal Palace & 
District Radio Club, All Saints Parish 
Church Rooms, Beulah Hill. Tel: (081) 
699 5732. 


19 June. Specia! Event Station in 
Halstead, Sudbury and District Radio 
Amateurs. Tel: (0787) 313212. 


19 June. Unipede — Electricity Con- 
ference, ICL, Birmingham. Tel: (081) 


| 743 3106. 





DIARY DATES 
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19 June. All Formats Computer Fair, 
Novotel, London. Tel: (0608) 662212. 


20 June. Electrotech, National 
Exhibition Centre, Birmingham. Tel: 
(0483) 222888. 


22 June. Computers in Personnel, 
Barbican Exhibition Centre. Tel: 
(0787) 277354. 


25 June. Special Event Station at 
Great Cornard Middle School, 
Sudbury and District Radio Amateurs. 
Tel: (0787) 313212. 


27 to 29 June. 5th Satellite Systems 
for Mobile Communications & 
Navigation Conference, Institution of 
Electrical Engineers, London. Tel: 
(071) 240 1871. 


4 to 7 July. HF Radio Systems & 
Techniques Conference, Institution of 
Electrical Engineers, University of 
York. Tel: (071) 240 1871. 


5 July. Talk on Propagation, Sudbury 
and District Radio Amateurs. Tel: 
(0787) 313212. 


14 July. Special Event Station 
at Woodhall School, Sudbury and 
District Radio Amateurs. Tel: (0787) 
313212. 


16 July. Annual Outing, Crystal 
Palace & District Radio Club, All 
Saints Parish Church Rooms, Beulah 
Hill. Tel: (081) 699 5732. 


19 to 21 July. 6th Electronic 
Engineering in Oceanography 
Conference, Institution of Electrical 
Engineers, Churchill College, 
Cambridge. Tel: (071) 240 1871. 


20 to 24 July. Electrotech ‘94, 
National Exhibition Centre, 
Birmingham. Tel: (071) 240 1871. 


Please send details of events for 
Inclusion In ‘Diary Dates’ to: The 
News Editor, Electronics - The 
Maplin Magazine, P.O. Box 3, 


Rayleigh, Essex SS6 8LR. 
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HIS year sees the completion of a 

i seven year review of pelican and 

pedestrian crossings at signalled 
junctions, that has resulted in the imple- 
mentation of a prototype Pedestrian User 
Friendly Intelligent (PUFFIN) crossing at 
a live site in the UK. 

The study was prompted by a poor 
pedestrian safety record, an apparent 
reluctance on the part of pedestrians to 
use signalled crossings, and a need to 
make crossings more responsive to their 
behaviour. It examined the frequency of 
accidents, signal phasing and pedestrian 
attitudes. The results forecast radical 
changes for the traditional pedestrian 
crossing, with benefits for both pedes- 
trians and motorists. 


Previous Work 


Prior to the PUFFIN project, the most rel- 
evant study of accident frequencies at sig- 
nalled junctions was published in 1986 by 
the University of Southampton. This work 
reported that the average accident fre- 
quency at a signalled junction was 2-65 
per year, with 29% involving pedestrians. 
Considering that at the time of the study, 
the number of pedestrian crossings in the 
UK was approximately 17,000, this 
amounts to an incredible 13,000 pedes- 
trian accidents annually. 
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How did the pedestrian cross the road? With great difficulty, 
according to results of a study by the Department of Transport. 
News Editor Stephen Waddington examines this claim and 


By analysing accident statistics, the 
University of Southampton concluded 
that the majority of pedestrian accidents 
involved vehicles entering the junction at 
the beginning or end of a traffic phase - 
corresponding to the opposing end or 
beginning of a pedestrian phase. 

This is an opinion shared by the 
Department of Transport as a result of 
the PUFFIN study. Pedestrians at signalled 
junctions - particularly the aged - are 
often confused at the end of the pedes- 
trian phase if the green man goes out 
while they are still on the crossing. A sim- 
ilar observation is made about the flash- 
ing green man signal at pelican crossings. 


Blackout Period 


On both occasions both the green and 
red man pedestrian signals become blank 
or blacked-out prior to the traffic lights 
reverting to green. This matter is further 
complicated by the fact that the blackout 
period varies from region to region and 
crossing to crossing, depending on the 
phasing relationship employed by the 
local authority. 

In some cases the blackout period lasts 
for only a few microseconds, though in 
extreme cases it can be up to ten sec- 
onds, with the traffic at standstill through- 
out this period. This is where confusion 








reviews the potential application of electronic technology to 
improve pedestrians’ plight at UK road crossings. 


arises. Pedestrians are not generally aware 
of the blackout period and, seeing the 
stationary traffic, assume there is a fault 
with the pedestrian signals. In such cases, 
the pedestrian rarely has enough time to 
cross before traffic is given a green light. 
Accidents are inevitable. 

Pedestrians aside for a moment, what 
about motorists? If you drive a vehicle 
you are sure to have been frustrated at 
having to stop at an empty pedestrian 
crossing. This results when a rogue 
demand is made by a pedestrian not 
wishing to use the crossing, when a 
pedestrian walks through stationary 
queues of traffic after making a demand, 
or when pedestrians have completed the 
crossing prior to the end of pedestrian 
phase. 

At a wide intersection the crossing 
period can be up to 36 seconds, which in 
a traffic cycle time of 60 to 90 seconds 


| pedestrians 


. : Standardisation bf pelican and signalled 


junction crossings. _ 
Improved pedestrian displays. 
Increased poecen Par traffic. 
é a “ad 
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Top left: Photo 1. The kerbside sensor ensures that a pedestrian wishes to cross before the crossing controller proceeds to the pedestrian 


phase. An experimental infra-red sensor is also included, mounted on the top of the signal post. 


Top right: Photo 2. Overhead sensors, in this case infra-red transducers, are used to ensure that the pedestrian phase is maintained while 


pedestrians remain on the crossing. 


Above left: Photo 3. Poor lighting effects are eliminated by moving the pedestrian signal from the top of the far side signal pole to pedestrian 


eye level on the near side pole. 


Above right: Figure 1. Kerbside and crossing detection footprints. 


can make a substantial difference to junc- 
tion capacity. During peak periods, 
repeated demands on the crossing, 
whether rogue, or valid, can leave the 
junction overloaded. A counter criticism 
made by pedestrians is that there is not 
enough crossing time. With traditional 
designs this period is set at a fixed dur- 
ation regardless of pedestrian usage. 


Solution 


PUFFIN proposes to overcome problems 
for both the pedestrian and motorist by 
incorporating positive signalling and a 
variable length pedestrian crossing period 
using overhead sensors to respond to 
pedestrians on the crossing as shown in 
Photo 2. Under this scheme, once the 
pedestrian phase has commenced, 
pedestrians will be given priority as long 
as they remain on the crossing. 

If there are only a few fit young people 
wishing to cross, the pedestrian period is 
short. Conversely an aged or disabled per- 
son would retain the traffic signals at red 
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until clear of the crossing, although the 
pedestrian period is not infinite. Instead a 
maximum time duration is defined, pre- 
venting pedestrians from monopolising 
the junction or crossing. 

To counter rogue requests or occasions 
when a demand is made that is subse- 
quently not required, PUFFIN proposes a 
kerbside detection system. Figure 1 
shows the scope of both the overhead 
and kerbside pedestrian detection 
schemes. Current designs for the kerb- 
side sensor use a rubber mat set within 








the pavement as shown in Photo 1, 
though above ground schemes are being 
considered. Before proceeding to the 
pedestrian phase, the crossing checks if 
a pedestrian is standing in the vicinity of 
the push button unit. If a crossing request 
is made and the pedestrian subsequently 
walks off the detection mat, the call is 
ignored. 


Road Side Scrutiny 


During the course of the PUFFIN project, 
Kenneth Billings and Brian Walsh of the 
Department of Transport spent a consid- 
erable amount of time at actual sites 
observing both pedestrian and motorist 
behaviour. Continuous twenty-four hour 
video records were also made at four typi- 
cal sites and closely studied afterwards. 
The overwhelming deduction from these 
observations was that pedestrians rarely 
observe the pedestrian signals. 

The most general scenario was that 
pedestrians stand at the kerb and view the 
approaching traffic. If it is judged that 
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Photo 4. The trial PUFFIN crossing in action. 


there is an acceptable gap, then the 
opportunity is taken to cross regardless of 
the pedestrian signal shown. On the other 
hand, if traffic is approaching the red sig- 
nal, the pedestrian is rarely aware of the 
presence of the green man. Several sec- 
onds invariably elapse before crossing 
begins. Only at those few crossings with 
an audible signal do pedestrians react 
more quickly. 

Why do pedestrians often choose to 
ignore the pedestrian signals? The 
PUFFIN study discovered that in many 
instances it is possible the signals are 
obscured by poor lighting. Phantom 
effects caused by the sun’s reflection on 
the front of the signal give the impression 


SIGNAL POST 


ROAD MARKINGS 








that the red or green man is on when it is 
not. Less frequently, total internal reflec- 
tion of the sun on the front glass gives rise 
to a phenomenon called ‘whiteout’, mak- 
ing it difficult to determine the status of 
either signal. 


Improved Signalling 

PUFFIN has resolved this problem by 
moving the pedestrian signal from the top 
of the far side signal pole to pedestrian 
eye level on the near side pole, as shown 
in Photo 3. Not only does this eliminate 
the effects of poor lighting, but also assists 
visually impaired people, who are at pres- 
ent unable to see the far side pole. Both 
sighted and visually impaired pedestrians 


ROAD STUDS 


PEDESTRIAN DETECTION MAT 





are further aided by the inclusion of an 
audible bleeping tone during the pedes- 
trian phase, intended as a standard fea- 
ture for all road crossings. 

Throughout the PUFFIN project, 
researchers identified the need to update 
crossing information to pedestrians con- 
tinuously. Currently the status of the 
crossing is displayed to pedestrians using 
the pedestrians’ signals and the push but- 
ton unit. Included within the push button 
unit is the legend WAIT and a static advis- 
ory symbol providing information on the 
meaning of the pedestrian signals. 

The WAIT legend is illuminated when 
a pedestrian call is registered and remains 
lit until the pedestrian phase commences. 
While this information is beneficial to the 
pedestrian, the value of the static symbols 
is dubious. 

In response, PUFFIN proposes an 
alternative display in which the message 
displayed is changed according to the 
state of the signal sequence. For ex- 
ample, if there was no demand entered 
on the pedestrian phase, the message 
‘STAND ON MAT AND PRESS BUTTON’ 
would be displayed, changing to ‘CALL 
ACCEPTED PLEASE WAIT’ once a call 
was registered. Perhaps more essential is 
the message proposed if the crossing 
controller detects a fault. Under these cir- 
cumstances the message would change 
to ‘LIGHTS FAULTY PLEASE TAKE 
CARE’, indicating equipment failure. 


Live Studies 


The PUFFIN proposal was initially tabled 
in 1989, when the Department of 
Transport invited interested parties, includ- 
ing the police, engineers and representa- 
tives of both motorists and pedestrian 
groups, to test and comment on a work- 
ing prototype at the Transport and Road 
Research Laboratory (TRRL) in 
Crowthome, Berkshire. Following promis- 
ing consultations, govemment consent 
was granted to convert an existing live 
junction to the PUFFIN strategy to test 
pedestrian and motorist reaction. 
Continued on page 19 





Figure 2. Layout for a single carriageway PUFFIN crossing with presence mat detectors, forming one arm of the T-junction. 
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Desktop video is an emerging technology that will come in many variants in the near future. 
Applications in areas such as training and education, which use analogue video today, are moving 
from the classroom to the desktop. Video applications are becoming part of familiar office productivity 
software, such as spreadsheets and presentation applications. New ways of managing video applications 
with computers are on the horizon. Some applications are designed with single users in mind, but 
many applications will be more effective when used by widely distributed work groups. 


His article will examine the applications 
[ for networked video, their charac- 
teristics, and the requirements for 
adding video to a network. The problems 
with handling video in today’s networking 
environment will be examined too, as will the 
strategies for coping with those problems. 
Solutions will be discussed for improving 
hubs (which form the basis of ‘star’ type 
network systems), servers and clients 
(workstations) to make video networking 
convenient, reliable and relatively 
inexpensive. 





Training applications are a natural choice for 
incorporating digital video on the computer. 
As an innovative training method, large 
businesses and other institutions are 
developing ‘performance support systems’ 
that revolutionise the way employees learn 
their jobs and perform their tasks. Instead of 
large amounts of ‘up-front’ classroom training, 
performance support systems provide training 
‘on demand’ at the desktop. These systems 
call for network servers that deliver powerful 
audio-visual information to the desktop, so 
that training can be integrated with 
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employees’ daily work. Training costs 
decrease, while retention of information 
increases significantly, since students learn 
new information in context, and interactively, 
when they need to, rather than being 
presented with it all at once in the classroom. 

Many major productivity software 
applications have VHS videotape training 
available today. Third party trainers are now 
moving to desktop video courses. In addition, 
people involved in the development of 
productive applications software are taking 
the next step — linking digital video directly 
to their software’s on-line help resources. 
There are CD-ROM versions of software that 
include multimedia on-line help and 
references, and video help will soon be 
available for spreadsheets and word 
processing programs. In education, most of 
the major suppliers of educational software 
systems are marketing or developing 
‘integrated learning systems’ consisting of 
student applications and teacher 
management systems. With an integrated 
learning system, teachers become better 
resource managers, assigning students to 
courseware according to their abilities and 
needs. Developers of such systems perceive 
network video as a vital tool in the classroom. 





Businesses can use networked video 
presentation systems to send corporate 
resources to their employees’ desktops 
instantly. Information, which could consist 
of sales videos or employee data, may be 
viewed on the spot, or captured to create 
customised sales presentations. Making the 
video available on a server allows many 
people to access the resources without them 
having to travel to a special audio-visual 
facility, or to buy a VCR and TY, to use the 
information. 

Networked video documentation systems 
will allow institutions of all kinds to maintain 
multiuser audio-visual databases. Advertising 
agencies, for example, can have hours of 





video recordings, any of which can be called 
upon in a random fashion ‘on-demand’. 
Today these agencies use hundreds of VCR 
tapes that must be located, copied and then 
delivered to account executives or clients. A 
video database would allow easier and 
quicker access to this information. Other 
potential users include: health care sites that 
have extensive audio-visual records; travel 
agencies who show videos about vacation 
destinations; public utilities which need 
to maintain records of power generation 
facilities and equipment; TV and film 
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production facilities having hours of different 
video clips; defence institutions for purposes 
of intelligence, and meteorological offices 
with many examples of weather patterns 
stored on tape. 

Video teleconferencing is coming to the 
desktop as well. With this, businesses can run 
cost-effective conferencing services to support 
world-wide communication needs, 
increasing productivity. Other live video 
applications include distance learning, where 
it is too far for students to travel to a common 
classroom. This type of video conferencing 
allows the teacher and students to interact as 
though they were in the same room. 

As can be seen, there are many uses for 
distributing video to users at their desktops. 
The characteristics of the video ‘service’ 
required for these applications drive the type 
of computer system needed to support them. 
Networked video capabilities are envisioned 
in three levels, depending on user needs: 
Video File Services, Video Object Services 
and Stream Management Services. 

Video File Services. The simplest level, this 
requires storage and replay facilities, or a 
basic file service for video. A video file service 
offers the capability to store video and retrieve 
it for viewing. The material is generally static, 
and so some access delay may be tolerable. 
Such a system is much like existing network 
file servers. A good example of this level of 
complexity is simple playback of training or 
on-line help videos. 

Video Object Services. The next step in 
networked video sophistication consists of 
video object services, where an application 
is made highly interactive with video 
information by having supporting video and 
audio ‘object’ relationships that may change 
quickly. In other words, a video and audio 
database can be used to combine objects to 
produce a new video stream, to edit the video 
or to add video and audio to another 
document type instantly. This requires fast 
access to the video objects and the ability to 
change their relationships to one another. 
Users will want to access many objects 
at the same time. For example, an advertising 
agency would require this level of video 
service to combine many video clips to 
provide a quick look at a rough cut of a ‘new 
ad concept’. This is an example of a system 
that needs more than just a store and play 
function. 

Stream Management Services. This third 
category is required when many simul- 
taneous users need access to live video. 
Desktop video teleconferencing and distance 
learning fall into this set of video applications. 
Video stream management service often 
involves sending live video from a variety of 
sources to many simultaneous users, and 
managing the video streams on the network. 
Users might require different data rates, or 
they may, for example, need to record a 
teleconference for later viewing. For these 
applications, users may be sharing CODEC 
pools (expensive devices that ‘COmpress’ 
and ‘DECompress’ the video), so that the 
video service can be provided to more 
desktops. 


It is expected that the demand for networked 
digital audio-visual systems will grow 
exponentially over the next few years, as 
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businesses, government and other institutions 
increasingly turn to digital networks. They 
will use networks to distribute audio-visual 
information for education, presentations and 
reference applications. They will need 
systems that allow many people to view, 
simultaneously, audio-visual information from 
a server, while retaining their current network 
functions. Applications that function on a 
network now should remain undisturbed 
when video is added. 

For the users, the added video facilities 
must be ‘transparent’, that is, not noticeably 
slow down or otherwise interfere with the 
normal working of their machine. They 
should be able to access video files using a 
variety of workstation computer protocols (for 
example, IBM compatibles, Macintosh and 
UNIX workstations), and from a variety of 
applications. To avoid the need for 
duplicating large video files, one copy of a 
digital video file should serve as many kinds 
of machines as possible. Over time, video 
will be incorporated into existing applications 
such as video annotation in a word 
processing document or spreadsheet. Digital 
video used in applications will come in a 
variety of compression schemes, depending 
on the application. The network and servers 
will need to handle different compression and 
file formats (for example JPEG, DVI, MPEG, 
QuickTime, P*64 and other standards as they 
develop). 

To promote the widespread use 
of digital audio-visual applications, 
the workstation network connection should 
be standard and low-cost. This means the use 
of existing network connections in the work 
station rather than special or additional 
network connections to provide video 
services. The smart hubs serving the multiple 
connections of a full bandwidth Ethernet 
system will need to support many dozens of 
such streams simultaneously, requiring 
backplane speeds of over 1G-bit/s. 


Problems and Challenges 


Networking has become a critical technology 
for almost all segments of the computer 
market, particularly in business and 
education. Large and small businesses and 
institutions have come to depend on network 
servers for a variety of reasons. Today’s Local 
Area Network (LAN) environments were 
designed to handle the data and file sharing 
needs of typical office productivity 
applications, which deal mainly with text and 
simple graphic files. Managing and 
transmitting digital audio-visual data, such as 
video or animation, poses two major 
challenges: dealing with the large size of the 
files, and handling the time dependent 
demands of audio-visual data types. This 
can be particularly difficult when sharing the 
information on different networks and servers. 

The large file sizes associated with digital 
audio-visual information pose a need for large 
disk drives or multiple disk systems and high 
data transmission speeds. Even compressed 
video techniques, such as Intel’s Digital Video 
Interactive (DVI), requires a continuous 1 to 
2M-bit/s transmission speed and 0-5 to 1GB 
of storage for one hour’s worth of video. A less 
obvious problem results from the very nature 
of the audio-visual information itself, which 
is fundamentally different from the kind of 
data that typically travels across a LAN (that 





is, word processing, database or spreadsheet 
data). 

Digital audio-visual information 
takes the form of a stream of data that must 
arrive on time. Typical LANs operate by 
handling data in ‘bursts’. File systems and 
most server communication buses are 
designed to handle this type of data burst 
traffic, but are inefficient at handling 
simultaneous, continuous, large block data 
transfers that are needed for streaming audio- 
visual data. It is also extremely difficult to 
manage both random, bursty data and 
streaming data type applications. with the 
same microprocessor. 

Streaming audio-visual data also conflicts 
with the way in which LANs and multitasking 
operating systems allocate resources by 
democratic schemes, in which applications 
take turns in rotation. When the network, bus, 
or other resource, is busy, everything slows 
down. No data has priority over any other. To 
a typical network, bits are bits, regardless of 
what information they represent. The 
inefficiency of such democratic resource 
sharing schemes is compounded by the 
overhead needed to allow applications to 
take turns, and for detecting errors and 
correcting them. These functions are 
important for typical software applications, 
but are not as important for audio-visual 
media. The human eye can overlook one 
incorrect pixel in a television image, but an 
incorrect number in a bank balance would 
not be tolerated. 

Audio-visual information, which is heavily 
dependent on timing, is not of much use if it 
slows down and speeds up in sympathy with 
network traffic flow. Even if the hardware and 
software can cope with slowdowns, the video 
would play back in slow-motion, which is not 
acceptable. Therefore managing data flow is 
the key to all multimedia computing, 
especially in networks. 

Video demands that data has to arrive at the 
workstation computer on time. If the 
bandwidth is not available for a highly 
reliable connection (which would ensure that 
the video information arrives on time), one of 
two things must happen: the server must tell 
the requesting application that the data is 
temporarily unavailable, or the server must 
somehow reduce the amount of data (by 
dropping video frames, image size, 
resolution, etc.) to a level that the network can 
support reliably. Changing the video 
information to meet the bandwidth capability 
is known as ‘scalable video’. 

Any network's important function for the 
handling of audio-visual media is not to 
ensure fair allocation of the resources or 
checking of errors. It is to make sure that data 
flows at the proper rate between the server 
and the workstation, or between two 
workstations, and guarantee that that data 
arrives on time. 


Digital Video Bottlenecks | 


Audio-visual data on a network hits 
a series of bottlenecks, which is not surprising 
since personal computers and networks were 
not designed to handle this kind of data. 
Along the digital path, which connects the 
disk drive in a server to a workstation 
computer, these bottlenecks limit the video 
stream speed or interrupt the video. The 
bottlenecks occur in disk drives, system 
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buses, processors, network protocols, smart 
hubs and the various interfaces and buffers 
that are between the parts of the system. The 
problem areas are highlighted in Figure 1. 
Consider now a typical setting for CPU 
networked digital video: a training room with Network 
30 DVI file format stations and an audio- Tl oaks 
‘ =a : bus/backplane Smart hub 
visual server. Training that involves the dpsnatind with 
completion of excercises requires that users internetworking 
be able to instantly view video when they 
wantit. High resolution DVI, in this example, 
requires about 1-5M-bit/s per video stream. pra S 
Thus each desktop must continuously handle and 
1-5M-bit/s, while the video server must protocols 


Storage LAN HUB WAN & Clients 
subsystem (Local LAN 
area connections 


network) 


Wide area 
network (WAN) 


handle an aggregate of 30 streams (45M-bit/s) 
simultaneously. Such a system will run into 
many problems, or high costs, if it uses 
ordinary workstation and server hardware, 
networking equipment and software. As the 
bottlenecks diagram in Figure 1 shows, the 
storage subsystem will have to handle 30 
simultaneous users, even if they were to 
request the same 60 second video clip at two 
second intervals. The server will have to 
handle the same 45M-bit/s throughput 
internally. The network will have to handle 
45M -bit/s from the server and 1-5M-bit/s per 
desktop, continuously and reliably. Finally, 
each workstation network interface will have 
to receive the video and sti// allow concurrent 
access to other network applications (for 
example E-mail, text, databases, etc.). 
Unfortunately, a normal networked server 
system could not accomplish this. 


A way to deal with the bottlenecks that 
confront networked multimedia data is to 
throw away all the software and hardware 
that cause the data streams to bump into one 
another, and replace them with new software 
and hardware that keep each stream running 
at the proper rate. This is workable, but it 
means something of great value to almost all 
computer users will also have been thrown 
away — the network software that allows them 
to use their servers for many other purposes. 
There are four strategies which can offer a 
range of solutions for dealing with the 
bottlenecks: do nothing; ‘turbo-charge’ the 
bottleneck areas; replace the bottlenecks with 
higher performance devices; or install a 
parallel system to circumvent the bottlenecks. 
We shall consider each of these alternatives 
in turn. 

Doing nothing. Leave the system alone and 
make sure that the data stream never exceeds 
the limits of the bottlenecks. This is practical 
for workstation desktop computers, which 
never have to deal with more data than they 
can decode and play. By avoiding the need 
for workstation hardware changes, costs are 
saved since workstations far outnumber other 
network components. But doing nothing to 
the standard networks and servers will limit 
the number of users and the expected 
performance of the video services, since 
existing networks and servers have trouble 
handling video for multiple workstations, 
simultaneously. 

‘Turbocharge’ bottleneck areas. Improve the 
offending hardware and/or software so that it 
can handJe more data. Like adding a 
turbocharger to an engine, these improve- 
ments do not replace all the existing 
hardware, they just make it faster. This 
improves the general performance of the 
server and the network. However, it may not 
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Figure 1. Bottlenecks in a network. 


address the different processing requirements 
for video and traditional data applications, 
such as the time-dependent nature of audio- 
visual data. 

Replace bottleneck devices. Replace the 
server and network hardware altogether with 
faster and more powerful hardware. For 
example, one way to increase a network’s 
raw Capacity is to replace Ethernet with FDDI 
(Fibre Distributed Data Interface) or CDDI 
(FDDI utilising copper conductors, such as 
unshielded twisted pairs). This is expensive 
and does not necessarily solve the problems 
of the hunger for bandwidth, and the time 
dependent needs for video, arising from the 
sharing of resources. By replacing the server 
with a higher performance computer that has 
more storage may help increase the 
‘horsepower’ of the server, but the differences 
between video and other application data 
types are not addressed. 

Parallel video solution. Install a system 
dedicated for video. This is‘all right if it means 
the addition of a separate server for video, but 
no one wants a separate physical network or 
a separate video computer. By establishing a 
parallel software world for video, while 
sharing the same network and workstation 
hardware, the system can be allowed to 
optimally handle both types of information. 
When using a parallel approach, it must 
be ensured that video and non-video 
information can be easily integrated within 
the same application. 

As can be seen, no single strategy gives the 
best answer for solving the bottlenecks and 
meeting the requirements for adding video to 
the network. A better approach would be to 
take the best of each choice and change the 
network so it can cost-effectively handle data 
applications and video service. But how can 
this be accomplished? Consider again the 
training room example, and look at the work- 
station, the network and the server to show 
how video can be added to the network. 

Since workstation computers typically only 
need one or two streams for video, 
bandwidth is not a problem. The data rate for 
a video stream is about 1-5M-bit/s, slower 
than the amount of data that comes from a 
typical hard disk. This data rate supports 
Intel’s DVI compression technology. Even 
more extensive compression schemes such as 
the MPEG (Moving Pictures Experts Group) 
standard, currently in development, will 
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suffice with Ethernet’s 10M-bit/. It still leaves 
plenty of capacity for other data or higher 
bandwidth video technologies such as MEPG 
IL. Therefore, no special networking hardware 
is necessary at workstation machines, and 
existing 10BaseT Ethernet investments can be 
maintained. 

Thus far, the discussion has concerned a 
single workstation. However, what if there 
were to be 30 or 40 workstations? In a typical 
network, all of the 1-5M-bit/s streams share 
the same cables, which quickly overwhelm 
a typical Ethernet network. Although 
upgrading to an expensive fibre-optic 
network (for example FDD)) will considerably 
increase the capacity, it is still a shared 
resource, and therefore has trouble dealing 
with the time-dependent needs of video or a 
large number of workstations (on top of its 
price penalty). A better solution can be found 
in a star network, such as 10BaseT Ethernet, 
which has dedicated, full capacity bandwidth 
connections to each work station computer, 
and a high capacity backplane to 
accommodate the multiple 10M-bit/s 
streams. 10BaseT is already the most 
common network configuration, and it can 
be turbocharged to support the video 
capacity needs without replacing the 
10BaseT network interface cards and 
infrastructure (see later). 


Star Networks 


The need to exchange digital data between a 
variety of peripherals and computers with 
varying operating systems and applications 
has resulted in complex networks. Network 
hardware includes wires, such as the simple 
twisted pair wires that are also used for 
telephone networks, and more exotic wiring 
such as coaxial cable or optical fibres. 
Networks can be arranged in several physical 
structures or topologies. To create 
a bus or ring network, a wire snakes from one 
computer to the next (see Figure 2). Each 
computer on the network broadcasts data that 
is monitored by a// computers on the 
network. However, only the intended 
recipient pays attention to the incoming data. 
As an analogy, a server on a bus or ring 
network is like a radio station that broadcasts 
a signal. While it is transmitting to one 
workstation, no one else can communicate. 
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Figure 2. Familiar network following a ‘daisy-chain’ pattern. 


Today computer users are increasingly 
turning to star topology networks, based on 
inexpensive twisted pair telephone wire and 
a line for each workstation computer (see 
Figure 3). These networks are popular 
because they use inexpensive telephone style 
wiring and are installed in the same way as 
a typical telephone system. Moves, additions, 
changes, diagnostics and control are 
simplified because, as with a telephone 
network, each workstation has its own cable 
(which can be individually turned on and off, 
and monitored). It can be connected or 
disconnected at the wiring centre for 
additions and changes, unlike the snaked 
cable of a bus network, which has to be 
re-routed for new workstations and other 
changes (and has no individual user 
monitoring and control). 

For these reasons, networking experts see 
star networks, or structured wiring, as the 
dominant method to networking in the 1990s 
and beyond. These networks also offer the 
best topology for serving the bandwidth 
needs of video. To create a star topology, 
smart LAN hubs, placed in the wiring centres 
with support for most common protocols 
(Ethernet, Token Ring, FDDI, LocalTalk, 
RS232), have almost become a standard for 
installing new LANs. Over 80% of Ethernet 
and Token Ring LANs that are being installed 
today utilise twisted pair based hub 
installations. 

Although today’s 10BaseT Ethernet and 
Token Ring networks are wired as stars with 
hubs, most still operate like a bus or ring. 
This means that all desktops connected to 
the hub still share a common segment and a 
limited amount of bandwidth (10 to 16M- 
bit/s). This is not enough bandwidth to 
support typical applications, such as the 
example of the training room, which needs 
45M-bit/s. The shared nature of bus or ring 
networks also makes it difficult to guarantee 
the dedicated bandwidth required for smooth 
and reliable video delivery. 

One solution would replace Ethernet with 
100M-bit/s FDDI or CDDI. Not only is this 
very expensive, it is still a shared medium that 
presents problems for the real-time needs of 
video. A better solution is to ‘turbocharge’ 
the Ethernet hub to achieve a dedicated 10M- 
bit/s per desktop, in effect giving users their 
own Ethernet networks (see Figure 4). 
Although this solution increases the cost of 
the hub, it does not require replacement of 
the wire or workstation hardware, so the total 
cost is reasonable. Note that a 10M-bit/s 
bandwidth meets each user’s video and data 
needs. What is more, since the turbocharged 
network gives users dedicated connections, 
the real-time demands of the video can be 
handled reliably. 
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To provide the benefits of star wiring on any 
scale, these hubs need to be modular and, 
preferably, support regular existing Ethernet, 
Token Ring and FDDI modules. To support 
reasonable quantities of video workstations 
per hub with multiple streams of DVI, 
Quicktime, JPEG, MPEG, regular LAN 
applications traffic and high-speed WAN 
connections, such as SONET/SDH, 
simultaneously, these hubs need to be 
capable of supporting backplane aggregate 
speeds of well over 1G-bit/s. Such 
turbocharged hubs are already becoming 
available from network vendors. This 
approach can also work with Token Ring 
networks. 

Smart hubs with turbocharged 10BaseT 
modules can handle the large amount of data 
required for video, giving each user enough 
bandwidth. However, this solution does not 
solve the second problem - the time 
dependent characteristics of video. 


Video Network Protocols 


Networked computers communicate using 
protocols which are standardised signals that 
govern the exchange of data. The computers 
send each other requests such as ‘I would like 
this data’, ‘Begin sending’, ‘Stop sending’ or 
‘Send that again, it arrived with an error’. 
These protocols are arranged in levels so that 
various parts of the computer — the hardware, 
the operating system and the applications, for 
example — can talk to one another without the 
need to know special information about one 
another. The two main purposes of the 
protocols are to ensure that the data arrives 
without errors, and to ensure that the ‘traffic 











policeman’ functions are carried out, 
regulating the data flow. 

In today’s typical network protocols, the 
emphasis is on data integrity through error 
control protocols. Flow control and timeliness 
of delivery are secondary. For the reasons 
already explained, these priorities need to be 
reversed for audio-visual data. 

One way to handle audio-visual data 
streams more effectively, is to replace the 
existing networking protocols with special 
new ones. But if all old protocols are thrown 
out, compatibility with other software is lost. 
If existing ones are modified, the speciality 
performance required for each type of data is 
lost. Ideally, the network protocols for audio- 
visual data should peacefully co-exist with the 
standard network software. In such an 
environment applications would call for data 
from the server in a normal manner. The 
network, perceiving that audio-visual data 
has been requested, would use a special 
video protocol to make sure there is a highly 
reliable connection for an uninterrupted 
stream of data. For non-audio visual data, 
normal protocols would be used. With this 
parallel protocol approach, audio visual data 
becomes available to an application 
concurrently with other information 
on the same network. 

The combination of turbocharged Ethernet 
and parallel software protocols addresses the 
workstation and network bandwidth 
requirements for our training room example. 
The last area to be satisfied is the server. 


improving the Server 


Since the characteristics of video data differ 
from those of other data applications, it might 
be expected that the file server requirements 
would be different. Dedicated audio visual 
servers can eliminate the compromises that 
ordinary servers make between short ‘bursty’ 
data and large, uninterrupted streams of data, 
optimising performance for the latter. When 
dealing with audio visual data, the server 
architecture should bypass the normal, data 
contention avoidance schemes, substituting 
more of a real-time system that ensures 
reliable data flow. 

Storage subsystems need to be managed 
such that many users can access audio visual 
data files at the same time. This means 
optimising the storage subsystem for many 
simultaneous accesses to large continuous 
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Figure 3. A ‘star’ topology network, where a ‘smart hub’ interfaces each workstation to the server via 


dedicated lines. 
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data files. Alternatives, such as analogue laser 
disk ‘jukeboxes’, allow access to large 
quantities of video, but have problems with 
access delays when multiple users play 
different segments of video. Arrays of hard 
disk drives offer a cost-effective method for 
storing large quantities of video data, and can 
be configured to support the training example 
of a group of 30 users. 

To incorporate audio visual data into 
existing applications, the video data should 
look like ordinary data to any application. To 
an SQL database application, it should look 
like SQL, to a Lotus spreadsheet it should 
look like spreadsheet data. Then last but not 
least, the operating system, it should look like 
another part of the file structure. Ideally, this 
should be accomplished with only one copy 
of the data, and yet support a range of 
computer platforms and operating systems. 

Finally, a video networking solution should 
be able to handle any type of video 
application, including desktop tele- 
conferencing. This means that servers should 
be able to manage data streams in the same 
way as a telephone switch handles audio 
traffic. 

This, then, is a brief description of how a 
server optimised for video can efficiently 
solve video network bottlenecks. To create 
such a server, an existing server can be 
enhanced, or an application specific server 
can be added to the network. Enhancing an 
existing server will probably result in many 
compromises, and have an impact on its 
ability to handle non-video data. 
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DOS/MACINTOSH/UNIX computers with video compression and 
10 Base T connection or standard 10 Base T NICs with video 
client software running motion video applications. 





Figure 4. Typical multimedia network. 


The solution for networked multimedia does 
not have to be an expensive, very high-speed 
network or a parallel video network. Today’s 
star wired networks can do the job at very 
reasonable costs, without special workstation 
networking hardware. A high-speed 
backplane hub, with turbocharged 10BaseT 
modules that recognise and know how to 
handle video, allows the video workstations 
to be served within a current network 





environment. With parallel video specific 
network protocols that co-exist with today’s 
standard networking protocols, compatibility 
with current applications can be maintained 
and reliable video services can be delivered 
on the same network. Finally, a specialised 
server can handle the processing and storage 
management needs of audio-visual media, 
and provide superior video support without 
compromising current network applications. 
A typical example of such a network, where 
standard LAN services co-exist with video 
services is shown in Figure 4. 
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PUFFIN PELICAN CROSSING - Continued from page 14 


The first live site to be converted was 
in the midst of a busy shopping centre at 
Rustington in West Sussex. Here two 
crossings on a three way T-junction have 
been modified as shown in Figure 2. 
Pedestrian flows are relatively heavy over 
much of the day, but dwindle to nothing 
at night, while traffic flows are busy in the 
morning at around 8.30am, and in the 
evening approaching 5.30pm. 

Each of the proposals from the 
PUFFIN study has been adopted, except 
for the variable message indicator 
suggested as a replacement for the WAIT 
legend. The trial crossing is shown in 
Photo 4. The four crossing detectors are 
passive infra-red transducers, supplied 
by Microsense Systems, while the 
kerbside detectors are rubber mats with 
in-tegral piezo-resistive sensors supplied 
by EMC of France. 


Progress To Date 


Live studies of the PUFFIN scheme still 
have many months to run, although in- 
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PUFFIN benefits for 
motorists 


Fewer traffic delays as capacity of 
signalled junctions is improved. 


Elimination of unnecessary stops at 
empty crossings. 


Consistent signal displays for pelican 
and signalled junction crossings remove 
ambiguity. 





itial tests, performed shortly after 
commissioning, look promising. During 
a busy afternoon period, the average dur- 
ation of the pedestrian stage was 14.24 
seconds, compared with the previous 
period of 13 seconds. At less busy periods 
the average duration of the pedestrian 
phase reduced to 9 seconds. One in every 
13 pedestrian phases was cancelled, while 
the pedestrian period only extended to its 
maximum setting on two occasions. 

So could 1994 see the end of motorist 
frustration and the adoption of a user 
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friendly road crossing scheme? Let’s hope 
so. If the results of a TRRL report on 
before and after behavioural studies at the 
Rustington crossing prove positive, it will 
give a green light to the adoption of the 
PUFFIN proposal at road crossings 
throughout the UK. 


Further Information 


Department of Transport, Network 
Management and Driver Information 
Division, St. Christopher House, 
Southwark, London SE1 OTE. 
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FEATURES ~— 
* Audio and visual warning * Easy to use 
* Low holding value * Self-resetting 


APPLICATIONS 


* Protection for test circuits 





* Added protection for low-voltage circuits 


or a slip-up in an Ohm's Law calculation. 
Circuits using the stripboard construction 
method bring their own problems because 
adjacent copper tracks often become 
‘bridged’ with solder or fine slivers of copper. 
Incomplete broken tracks are also very 
common. The effect of high current is 
excessive local heating which, in turn, leads 
to destruction of components and burnt-out 
PCB tracks. It also quickly drains batteries. 

The Reusable Fuse is an ‘intelligent’ fuse 
which is fitted between any test circuit and 
the power supply. It guards against any of 
the problems mentioned above. Thus, if the 
current exceeds 200mA for any reason, 
a buzzer gives a short bleep and the LED 
flashes continuously. The current then falls 
to a very low holding value until the fault 
has been corrected. 

The device is suitable for circuits needing 
a supply voltage between +4 and +18V DC 
and this covers the majority of circuits which 
the electronics enthusiast is likely to construct. 
In fact, the prototype unit works down to 
2-5V but operation is then rather eratic. The 
supply may be any type of battery or mains- 
operated power supply unit. Note, however, 
that an existing output fuse ina commercial 
power supply may blow before the electronic 
one ‘locks’ out. Fuses must never be 
increased in value in an effort to prevent this 
from happening. Also, the device must on no 
account be connected in the mains supply 
line — it is strictly for low-voltage use only. 

The Reusable Fuse is built ina small 
plastic enclosure with the LED showing 


Self resetting 
fuse 
= 
Monostable 


Piezo 


sounder 








through a hole in the lid. Further holes allow 
the sound to pass out from the buzzer. There 
are also two pairs of screw terminals — one 
set to connect the power supply, and the 
other the circuit under test. 


EXCESSIVE CURRENT 


If a short-circuit is applied to an alkaline 
battery, the current will be limited to a few 
amps by its own internal resistance. The 
effect will be to ruin the battery after a short 
while, although it is also possible for thin 
wires and copper tracks to melt. If the supply 
is derived from nickel-cadmium cells, their 
lower internal resistance will allow a heavy 
current to flow, leading to similar but worse 
effects. Short-circuits applied to a lead-acid 
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The assembled PCB. 








Figure 2. Circuit diagram of the Reusable Fuse. 
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(car) battery can be catastrophic due to the 
exceptionally low internal resistance of this 
type of supply and hundreds of amps can 
flow. Even fairly thick wiring can become red- 
hot in seconds causing burns and presenting 
a significant fire risk. Using this device while 
testing any experimental automotive project 
would therefore be very wise. 


A GOOD TRIP 


The way in which an electronic fuse operates 
is different from the traditional variety. Here, 
excessive current flowing through a piece of 
thin wire causes it to melt and so break the 
circuit. In an electronic fuse, the fault current 
causes a gentler heating of the material 
which in tum causes if to latch in a high 





— ae a 


Underside of the PCB showing how the LED is mounted. 


resistance state. When a traditional fuse 
blows, the circuit is completely broken. 
However, in an electronic one a small 
holding current continues to flow; this keeps 
it hot and maintains the locked-out condition. 
When the fault is removed, or the power 
supply switched off, the fuse material quickly 
cools down and reverts to its original low 
resistance state. 

The nominal cold resistance of the 
MFRO20 electronic fuse is 2-67Q Ina 12V 
circuit of otherwise negligible resistance and 
unlimited current capacity if a short circuit 
were to occur a large current will flow in the 
order of about 4-5A. This results in almost 
instantaneous heating of the material and a 
rapidly tripped state. This will happen before 
any significant overheating of wires or tracks 
in the test circuit occurs. 
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Voltage across fuse (V) 


Figure 3. Characteristics of the MFR020 multifuse. 


CIRCUIT DESCRIPTION 


The block diagram in Figure 1 of the 
Reusable Fuse shows the constituent parts 
that make up the fuse. In conjunction with 
the explanation refer to the complete circuit 
diagram shown in Figure 2. 

F1 is, in fact, the electronic fuse, and it will 
be seen that the current powering the circuit 
under test (shown as being derived from 
the power source between Input and OV) 
flows through this. In addition, current flows 
through the conventional fuse F2 and diode 
D1 to the fuse monitoring circuit. 

It will be found useful to refer to the 
characteristics of the multifuse in Figure 3 at 
this point. This illustrates the way in which F1 
behaves as the current through it changes. 
The exact figures will vary from one device 
of the same type to another but it shows the 
general pattern of behaviour. Up to a current 
of 200mA there is 0-5V approximately 
developed across the fuse. Although this 
voltage is ‘lost’ as far as the test circuit is 
concerned, it is too small to have any 
significant effect. Applying the Power 
Formula: {P = | x V), at 200mA, the power 
dissipated by the fuse will be 100mW. This 
will result in very little self-heating and it will 
remain cool and stable. 

With about 300mA flowing and 1V 
appearing across the fuse (giving a power 
dissipation of 300mW), a sudden inversion 
takes place. There is considerable self- 
heating and a significant temperature rise. 
This results in an increased resistance and 
rising voltage across the fuse. Although the 
current falls, the power dissipated by the 
fuse actually rises resulting in an increased 
temperature. A vicious circle is established | 
with the fuse on a slippery slope to lockout. 
However, the dissipated power soon 
becomes substantially constant, with the 
current falling at the same rate as the 
voltage across the device rises. After a 
short time, practically the whole of the 
supply voltage appears across it. 
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Figure 4, PCB legend and track. 


This may be illustrated by looking at the 
point on the graph where 2V exist across the 
fuse with about 220mA flowing. The power 
developed will be 440mW and the resistance 
about 9QWith 6V across it and 75mA flowing, 


| 


the power is virtually the same with a fuse 
resistance of some 802 With 8V and 55mA 
the power is again practically the same but the 
resistance now 145Q With 10V and a current 
of 50mA, the resistance has risen to 20022. 
































Figure 5. Box Drilling. 





RE-USABLE FUSE 
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OUTPUT 


FUSE 
TRIPPED 


Figure 6, The Reusable Fuse front panel label. 





Protection will be afforded by F1 as long 
as the fault exists, or until the problem is 
removed, thus allowing F1 to reset and 
the flashing LED to extinguish. 


CONSTRUCTION 


Note that the LED must be of the constant 
current type specified in the Parts List. This 
obviates the need for a series resistor as 
with a conventional LED, and has the added 
LED clip advantage of providing a more or less 
constant brightness over the entire range 
| of operating voltages, although below 4V 

~ HH = it does become rather dim. Note that the 

Front panel buzzer must be of a type which can operate 
over a wide voltage range, and the specified 


a unit is ideal for the purpose. 
a , Construction of the Reusable Fuse is 
Solies ae Solder _side based on a single-sided printed circuit 


a= PCB board (PCB). Legend details (parts placement 
diagram) and the track (copper-foil view) are 
= illustrated in Figures 4a and 4b respectively. 
[=a Solder the components in the following order. 
First, mount the two IC sockets, fit and solder 
the four PCB pins, then all resistors and 
capacitors taking care over the polarity of C1. 
Follow with diode D1 again taking care over 
the polarity, and the light-emitting diode LD1 
(fitted to the reverse side of the PCB) which 
should be soldered so that its tip stands 
3-5mm above the circuit board, see Figure 
7. Add the transistor, then fuse F1 with the 
preformed bends in the wires against the 
board (this will provide a small clearance 
with the circuit panel which is necessary 
because the fuse becomes hot in operation). 
Solder the buzzer (the polarity is marked on 
the underside) flush to the circuit board. Do 























Re—usable fuse Circuit under test 




















Figure 8. Wiring diagram. not insert the ICs into their sockets yet. 
OVER THE THRESHOLD | revert to low. The time during which it BOX DRILLING 
To detect impending lockout, itis therefore | remains high depends on the values of To prepare the case, box drilling details are 
fecesscryio.sense the. ve) Igoe M css'fl components R4 and C3 and with those given in Figure 5. Mark the positions of the 
Gad! to use iio toga ie LED and buzzer specified will be 0-5s approximately, On mounting holes for the terminal posts. 
In this circuit, voltage sensing is provided By triggering, therefore, buzzer BZ1 will give Remove the panel and drill these holes. The 
ICl-a precision volitigé detector. When the a brief bleep. holes drilled for the terminal posts will have 
voltage applied to its threshold (pin 3) is The monostable is triggered by the small notches filed in them so that the posts 
greater than 1-15V (an internally-set change in state of the output from IC1, that | can be located in position without turning. 
reference}, the output at pin 4 - is high is, when the fuse has tripped. To prevent | Inthe prototype, red and black terminals 
TRI a PNP dir adartiedlbacen open-colle fies continuous triggering, capacitor C2 allows were used for positive and negative input 
output ie Bicisell off Aric StisGllniaabeas Sih only a momentary pulse to flow. This is respectively, and blue and black for the 
flaminate C2.which is connected to pin4.on necessary since constant operation of the output. Measure the position of the LED and 
; buzzer would be annoying to the user. drill a hole in the lid. A front panel label is 


one side, and to the supply rail via R4 on the 
other, is stopped from being charged, as the 
potential across it will be virtually the same. 
When a fault occurs in the load across 
Output and OV, a higher current flows; F1 will 
heat up and its resistance will increase, and . 
the supply voltage will be developed across j - 
it. The voltage on pin 3 of IC1 falls and, when RE-U SABLE SKY 
it drops below the threshold voltage of 1-15V, 
the output on pin 4 drops. TR1 will turn on 


with base current flowing via R5. The flashing as a 
light-emitting diode (LED), LD1 in the collector Fee FUSED 
circuit, will then operate. —" OUTPUT 

To provide an audible indication of the a 
tripped state, IC2 and associated FUSE 


components are called into play. This section TRIPPED 
is configured as a monostable. The transition 
on pin 4 of IC] from a high state to low state 
also allows C2 to charge and a negative 
pulse is then generated; this is applied to pin 
2 of IC2. Thus, when activated by applying 

a low pulse to trigger input pin 2, the output 
(pin 3) will go high for a certain time and then | Photo 3. The complete unit. 
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available (which is included in the kit) and is 
shown in Figure 6. Attach the front panel label 
and then fit the LED clip in position, see Figure 
7. The collar part is not required. 

Attach the terminals through the lid using 
the bushes on top. Fit the plastic bushes, 
washers and nuts on the underside and 
tighten up (see Figure 7 for the exploded 
assembly). The terminals also serve to hold 
off the PCB. Next fit the PCB, making sure 
that the LED locates correctly into its clip. Fit 
the washers and attach the solder tags to 
the PCB pins, and solder these in position. 

Fit the remaining nuts. 

Unpack the ICs and insert them into their 
DIL sockets taking care over the orientation. 
Note that these are CMOS devices and could 
be damaged by static discharge, (static 
may exist on the body). To avoid possible 
damage, either touch something which 
is earthed (such as a water tap) before 
handling them, or avoid touching the pins 


REUSABLE FUSE PARTS LIST 


RESISTORS: All 0-6W 1% Metal Film 
RI 10k 

R2 47k 

R3 22k 

R4 4M7 

RS Ak7 


CAPACITORS 

i 220uF 16V Radial Electrolytic 

(G2 10nF SOV Miniature Disc Ceramic 
C3 100nF 16V Miniature Disc Ceramic 


SEMICONDUCTORS 
DI 1N4001 


LD1_ —_ High Brightness 5mm Flashing Red LED 


TRI = BC558 
IC] ICL8211CPA 
IC2 ICM7555|PA 


MISCELLANEOUS 

Fl MFRO20 Electronic Fuse 

F2 T100mA 20mm Fuse 
20mm Fuse Clips 

BZ1 Low Profile PCB Buzzer 


Single-ended PCB Pin 1mm (0-04in.) 


8-Pin DIL IC Socket 
Black Terminal Post 
Red Terminal Post 
Blue Terminal Post 





There are more terrific projects and fea- 
tures winging your way in next month’s 
super issue of Electronics — The Maplin 
Magazine, including: 


AERIAL ACTIVATOR 
The Maplin Aerial Activator is designed 
as an add-on device for your 
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LW/MW/SW receiver. It is designed to 
increase the strength of the radio signals | 
being received over a wide range of fre- 
quencies. For LW/MW broadcasts and | 
shortwave listeners using a general 
coverage receiver, the unit offers an 
improvement in reception even when 
used in conjunction with a small aerial. 


CAR LAMP MONITOR 

It is surprising how few people take the 
trouble to check that their car’s lights | 
are fully functional. This can be a haz- | 
ard to the driver of the vehicle itself, as 
well as other road users. This project is 
designed to provide an indication of 
lamp failure and is based around a cus- 
tom designed IC. The Car Lamp | 
Monitor has been designed to be very 
flexible to cater for most makes and 
models of car. The module may alsobe | ters, with an uncommitted op amp and | BRITAIN’S BEST SELLING 
used with a caravan or trailer. 


while they are being inserted in their sockets. 
Finally, insert fuse F2 into the fuseholder and 
attach the lid to the case. 


TESTING 


Do not test the device by applying a direct 
short-circuit. A gentler approach is to use two 
6-5V lamps — one of 150mA and the other 
of 300mA rating (the round MES types 6-5V 
0-97W and 1-95W are suitable; lampholders 
are available also). Connect a lampholder 
with the 150mA lamp in it to the output 
terminals of the unit. Connect a good 6V 
battery or a power supply to the input and 
check that the lamp lights. Now substitute 
the 300mA lamp. After a delay of a few 
seconds, it should dim then go off. If it does 
not do so, connect the two lamps in parallel 
to increase the load. As the circuit cuts out, 
the buzzer should emit a bleep and the LED 
begin to flash. If this test works, the Reusable 
Fuse will work correctly in service. Fit self- 


LED Clip 
(M10K) 
(ma7k) PCB 
(M22K) 
(M4M7) 
(M4K7) 


OPTIONAL (Not in Kit) 
Plastic Box Type T4 
Small Plastic Feet 
Solder Tags M3 
6-5V 150mA Lamp (See Text) 
6-5V 300mA Lamp (See Text) 
Lampholder (See Text) 


(FF13P) 
(BXO0A) 
(YR75S) 


(QL73Q) 
(UK36P) 
{QQ17]) 
(YH43W) 

(YH63T} 





Front Panel Label 


Instruction Leaflet 
Constructors’ Guide 


adhesive plastic feet to the underside of the 
box to prevent scratching the workbench 
[read dining-room table ~ Ed_. 

Wire up the bench power supply to the 
Reusable Fuse as shown in Figure 8, and 
then to the circuit under test. It is not unusual 
for the buzzer to give a bleep when the 
circuit is powered-up, and sometimes when 
a load is suddenly applied. However, in these 
cases, the LED will not flash. 

When the fuse latches, the supply should 
be disconnected and the fault rectified. 

The unit should then be left for at least 

20 seconds for the fuse to cool before 
attempting to use it again. If this is not 

done, it may latch again when the circuit is 
re-established. Note that the speed at which 
the unit locks out is dependent on load. If a 
direct short-circuit is applied, it will trip almost 
immediately. If the current exceeds the rated 
maximum by only a small margin it will take 
several seconds to do so. 


{YY40T) 
(KP67X) 
(GH791L) 

(XU70M) 
(XH79L) 


(KC93B) 
(FE32K) 
(LR64U) 
(BUO0A) 
(WL79L) 
UX87U} 


The Maplin ‘Get-You-Working’ Service is available for this project, 
see Constructors’ Guide or current Maplin Catalogue for details. 
The above items (excluding Optional) are available as a 


kit, which offers a saving over buying the parts separately. 
Order As LT70M (Reusable Fuse Kit) Price £12.99 


(CP58N)} 
(UJ92A) 
(KU27E) 
(KU58N) 

(FL24B) 

(BL171) 
(HFO2C) 
(HFO7H) 
(HFO3D) 


— = NON] —]n— 


alarm is turned off. 


internal oscillator. 


ANTI THEFT DEVICE 
| This is a small low-cost device which can 

be used to protect individual items such 
as a TV, video, Hi-Fi or computer. The 
device can be hidden inside almost any 
domestic appliance or piece of funiture, 
and it will remain silent until the appli- 
ance is moved; if moved, the alarm will 
emit a very loud ‘screeching’ sound until 
either the battery becomes flat, or the 


MAX293/7 DATA FILE 
The MAX293 or 297 integrated circuits 
can be used in a number of audio or data 
applications that require low-pass filters, 
including voice and data signal filtering. 
Both ICs contain 8th-order (eight-pole), 
low-pass, elliptic, switched-capacitor fil- 


Please Note: Where ‘package’ quantities are stated in the Parts 
List (e.g., packet, strip, reel, etc.), the exact quantity required 
to build the project will be supplied in the kit. 


The following new items (which are included in the kit) are 
also available separately, but are not shown in the 1994 


Maplin Catalogue. 


Reusable Fuse PCB Order As GH79L Price £2.49 
Reusable Fuse Front Panel Order As KP67X Price £1.29 





FEATURES 

Special features include a fascinating 
look at the history and future of ‘Cold 
Fusion’; ‘Video Conversion’ explains 
how broadcasters convert television pic- 
tures; “Workgroup Computing’ exam- 
ines the networking strategy in business. 
New series beginning next month: 
‘Audio Power Amp ICs’, covers prac- 
tical IC-based audio power amp cir- 
cuits; also, “Test Equipment’, the first 
part deals with multimeters and oscil- 
loscopes. Other features continue with 
the second instalment of ‘Surround 
Sound’. All this, plus all your favourite 
regulars as well! 
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WordPerfect: The Joy 


of Six 

by Darren Ingram 

While at least over 600 new features 
have been added to WordPerfect 

6.0, this book is not designed to be a 
guide to every feature, quirk or tool of 
WordPerfect 6.0. The more commonly- 
used and useful commands are 
explained in a clear, easy to understand 
way that should allow the reader to 
grasp the concepts quickly, After 
reading this book, a novice or an 
experienced wordprocessor user, 
should be able to produce more effective 
documents, It answers commonly asked 
questions and explains the significant 
new and enhanced features, of 
WordPerfect 6 such as ‘Network 

Setup Utility’, ‘Page Mode’, etc. 

The first chapter enables the reader 
to start with fundamental functions such 
as screen layout, opening and editing 
your documents, saving your work etc. 
Further chapters guide you through the 
use of the various dictionaries available, 
which include spell checker, grammar 
checker and Thesaurus. Also contained 
in the book is information on using 
special and foreign characters, and 
document statistics/information. 

As one gains confidence, then the 
complexity of the tasks increase, as 
the reader is introduced to topics such 
as headers, footers and footnotes, 
watermarks and labels, a table of 
contents and indexing, lists and tables. 
The final chapters describe the desktop 
publishing capabilities of WordPerfect 6 
and include the graphics capabilities. 
1993. 160 pages, 230 x 185mm, 
illustrated. 

Order As AA67X 
(W/Perfect The Joy of 6) £11.95 NV 


Electrical Safety and 
The Law ~ Second 
Edition 

by Ken Oldham Smith 

This book summarises EC and British 
electrical safety regulations, including 
the Electricity at Work Regulations and 
the non-statutory Institute of Electrical 
Engineers Wiring Regulations. This 
latest edition takes into account the 
recent changes in legal requirements 
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and deals extensively with the 16th 
Edition of the IEE Regulations. 

The book is primarily intended for the 
electrician, electrical engineer and safety 
officer and presents the facts in a simple 
and practical manner. It deals with 
electrical hazards and how they arise, 
accident and dangerous occurrence 
reporting, safety precautions, testing 
flammable atmospheres and the 
particular problems associated with 
underground cables and construction. 


Electrica] 
Safety 


and 


Th e La Ww 


Ken Oldham Smith 





The author was an HM Senior 
Electrical Inspector of Factories, and 
therefore is more than qualified to 
write about such an involved topic. His 
experience has shown that there is a 
general ignorance of electrical safety 
legislation, its extent and application. It 
has to be appreciated that there is now 
more legal protection than ever before, 
against defective electrical apparatus 
and installations, and this book 
will prove to be indispensable in 
understanding these legal requirements. 
1993. 223 pages. 234 x 156mm, 
illustrated. 


Order As AA66W 

(Elec Safety And Law) £22.50 NV 
Electrical Installation 
Designs 

by Bill Atkinson 





The majority of electrical contractors 
have an understanding of the 
requirements that are related to 

their own, reguiar, everyday activities. 
Normally, work is carried out using 
tule-of-thumb methods and repetitive 
designs. Many installers claim they are 
not designers, and are now increasingly 
concemed that they are required to 
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installation design. Fortunately, 

roblems only arise when an unusual 
project is undertaken, or there is a 
change in regulations. 

There is nothing wrong with using 
standardised designs and this book is 
a varied collection of typical projects that 
are examined to produce designs that 
will fit current standards. The installer 
may select a suitable design that 
corresponds as near as possible to 
the contract in hand and can use it 
accordingly. The designs illustrate 
methods that could be used for 
particular types of installation, ranging 
from a house to an industrial workshop. 

Although the emphasis is on tried 
and tested methods, new techniques 
are introduced such as the option to 
use ‘tree’ circuitry as an altemative to 
the ring final cricuit. 

Electrical installations contractors, 
students and non-electrical associates in 
the construction industry will appreciate 
the user-friendly approach, but this book 
is not intended as a do-it-yourself for the 
untrained person. 

1994. 216 pages. 243 x 172mm, 
illustrated. 
Order As AA68Y 


(Elect install Design) £14.99 NV 


Desktop Design 
Getting the 
Professional Look 

by Brian Cookman 

This is a teaching book primarily 
intended for those readers who 

want to leam and practise the art of 
‘Computerised Integration of Text and 
Graphics’. The Desktop Publishing 
system (DTP) replaces smelly 
adhesives, ever-blunting scalpels and 
the etemally shaking drawing pen. 

In the second edition of his book 
Brian Cookman sets out the best way 
to use a desktop system with regard to 
design. He includes many of the tricks 
of the trade, that he has picked up over 
the years, which will hopefully alleviate 
hours of frustration. In ‘Design Basics’ 
covered in Chapter one, the author 
emphasises the importance of each 
step and why. In each subsection the 
main points are summarised in one- 
liners under the headings of keypoints 
or checklists. Some of the topics 
explored, embrace titles such as ‘Grids’, 
‘Crossheads’, ‘Typefaces’,‘Drawing 
packages and Reversals.’ 

After the basics have been covered, 
the next section incorporates them in 
practical applications. Chapter two 
outlines the actual use of the DTP in 
action covering such topics as ‘Logos’, 
‘Advertisements’, ‘Company Reports 
and Presentations’ and ‘Slides and 
Graphs’. 

The final section looks at ways of 
producing the finished article, and the 
practical ways of ensuring the smooth 
running of final publication. Such topics 
covered are bureaux, laser printers and 




















a ae 
Rectan came MODEMs, 
health and safe 
This book is full of illustrations to 
back up what the author has written. 
Ideally suitable for all levels of DTP 
users as it will not only inform the 
beginner, but will refresh the memory of 
the expert. The book is not intended to 
be for any particular system, as most of 
those available will handle the designs 


without any trouble. 

1993. 126 pages, 210 x 206mm, 
illustrated. 

Order As AA74R 

(Desktop Design) £19.99 NV 
Operational Amplifier 
User's Handbook 


by R. A. Penfold 

Operational amplifiers were originally 
designed for use as DC amplifiers in 
analogue computers, but they soon 
became widely used in the field of 
linear electronics. Many of the early 
operational amplifiers are still widely 
used today. The standard 741C has 
probably been made in larger numbers 
than any other semiconductor device. 





Many of these early operational 
amplifiers had quite respectable levels 
of performance, but as technology 
improved new devices were steadily 
introduced. These devices offer a 
considerable improvement over the 
humble 741 such as lower audio noise, 
greater precision in DC applications and 
wider bandwidth. 

This book deals with the properties 
and applications of modem operational 
amplifiers. Chapter one covers the 
standard operational amplifier building 
blocks, with the emphasis on the 
improvements that can be made by 
using modem devices. Chapter two 
deals with practical applications using 
the devices, such as very low noise, 
precision DC, high output current and 
wide bandwidth types. Many practical 
circuits are included such as low noise 
tape and RIAA preamplifiers, audio 
power amplifiers, DC power controllers, 
the audio millivolt meter, temperature 
monitor and many more. 

A useful and invaluable book for all 
those involved in electronics. 

1994. 126 pages, 177 x 112mm, 


illustrated. 

Order As AA78K 

(OpAmp Users H/Book) £4.95 NV 
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HINGS move pretty quickly where 
| personal computers are concemed; 
from the dawn of the personal com- 
puter era, just ten years ago, several gen- 
erations of integrated circuits have come 
and gone. A lot of computer manufac- 
turers have made fortunes and bitten the 
dust, and just a handful of manufacturers 
now seem to survive. But that is by no 
means an end to the story. This year there 
is the start of what will come to be seen 
as the biggest shake-up ever known in the 
industry, with conventions overthrown and 
market percentages renegotiated to an 
extent never seen before. Yet users could 
be forgiven for not even realising what is 
going on. Most of the changes have 
occurred so far in the background, with 
little noise and a great deal of stealth. 
The cause of this quiet revolution is a 
new microprocessor architecture known 
as PowerPC. While it is not a name par- 
ticularly prominent at present to anyone 
not in the know, it soon will be. Already 
PowerPC computers are available, and by 
the end of this year there will be a mukti- 
tude of such personal computers around, 
capable of running ail popular applications 
from any of the major platforms. It is this 
multi-platform ability which will help 
PowerPC manufacturers take a bigger slice 





of the marketing pie than they have been 
able to in the past. It is this multi-platform 
ability which will challenge finally the domi- 
nation enjoyed for so long by Intel/ 
Microsoft-based computers, and it is this 
multi-platform ability which will make the 
quiet revolution so transparent and seam- 
less that many users will not even know it 
has taken place. In fact, the only differ- 
ence noticed by casual users will be the 
availability of faster, cheaper and easier-to- 
use computers. 


The Last Ten Years 


To get an idea of what the future is for per- 
sonal computers we have got to look at 
the history of the main personal computer 
type — the IBM personal computer (and all 
its clones). IBM’s entry to the personal 
computer market began just over a 
decade ago with a machine based on an 
Intel-designed and manufactured chip (the 
8086 series), coupled with an operating 
system (PC-DOS — for personal computer 
disk operating system) which was 
written and licensed by Microsoft. The 
scene was set then for this almost (but 
not quite ~ see later) unique combination 
of hardware, software, and manufacturing 
and marketing ability to virtually overrun 


The @uiet 


The personal computer world is in 
a state of ‘limbo’ as Intel and 
Microsoft’s domination of the 
market is about to be challenged! 





The Power Macintosh 8100/80 ~— the most powerful PC in the world? 








the personal computer market. Indeed, it 
was not until this IBM machine came along 
that the term personal computer had any 
real meaning. 

Other manufacturers began to use 
Intel’s chips and Microsoft’s operating sys- 
tem for their own personal computers and 
— simply because they were able to call 
themselves [BM-compatible — the basic 
machine (thereafter known as a PC) be- 
came the de facto standard. Most people 
looking for a computer wanted (and to 
a large extent, still want) - rightly or 
wrongly — one which was compatible. 
Because of this, the IBM-compatible com- 
puter became the norm. 

Throughout the 1980s and into the 
1990s several new generations of both 
hardware and software were developed. 
The 8086 became the 80186, the 80286, 
the 80386, the 80486 and finally (to date) 
the 80586 which goes more usually under 
the name Pentium. PC-DOS (or its non- 
IBM computer equivalent MS-DOS — more 
commonly known as just DOS) has cur- 
rently developed up to version 6:2. A few 
years ago a new type of operating system 
became available for use on IBM-compat- 
ible personal computers; it allows infor- 
mation within the computer and its 
operating system to be viewed in boxes 
(called windows) on-screen, The program, 
as readers will no doubt be aware, is even 
called Windows, and its latest incamation 
(version 3:11) has become very popular, 
with millions of copies of the program in 
use world-wide on personal computers. 

Yet IBM-compatibility does not totally 
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rule the world; its combination of hard- 
ware, software and manufacturing ability 
is not unique. It just happened to create 
the biggest personal computer type 
simply because of the weight of the 
IBM name. Other personal com- 
puter manufacturers with totally 
different architectures have con- 
tinued to thrive, and some 15% 
of the market-place is filled by 
them. Many of these have been 
specific to a particular locality, 
however. In the UK the obvious 
example is the Acom BBC range 

of computers, which possibly no 
school in the land was without dur- 
ing the latter part of the 1980s. 
Outside the UK, though, Acorn was 
a non-contender. A pity for a manu- 
facturer whose personal computers 
taught most of the UK population most 
of what it Knows about them. 

Ten years ago, almost to the very date, 
Apple Computers launched its new per- 
sonal computer — the Macintosh. From the 
start, the Mac was a windows-based 


machine; with an integrated operating sys- | AY otorola *s AY P C603 


tem which used windows as a way of life, PowerPC™ M icroprocessor 
not as an add-on. This contrasts strongly 


with IBM-compatible personal computers, 
which now run Windows almost as a sep- 
arate entity. It is true to say that Windows 
has only really been of any use to personal 
computers over the last four years (since 
version 3 became available), while the 
Mac's operating system has been useful 
since its inception in 1984. 

The Mac is extremely popular world- | 
wide (the Mac LC is the world's best sell- 
ing computer — ever), and without doubt 
has always been one of the easiest com- 


Microsoft a decade ago, then we would 
probably all be as familiar with the Mac as 
we are now with IBM-compatible per- 
sonal computers. 
Over the last decade, however, 
IBM and Apple have seemed always 
to be at loggerheads and, as if 
adding insult to injury, the stark 
facts of finance rear their ugly 
heads. While both IBM and Apple 
have experienced troubled times 
over these last ten years, only 
just managing to make any sig- 
nificant profit, both Intel and 
Microsoft take billions of pounds- 
worth of profit each year. 


The Next Ten Years 


So that leads us to where personal 
computers are going from here. The IBM- 
Intel-Microsoft domination is set to be chal- 
lenged simply because IBM has decided 


INSTRUCTION 
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puters to use. It is the preferred — if not the | DATA - 4 
accepted standard — choice for graphics MEMORY INSTRUCTION 
and publishing environments; mind you, it MANAGEMENT pressed 
: a MANAGEMENT 
too has undergone upgrades in hardware — UNIT 
: BRANCH 
and software. It uses the Motorola micro- PROCESSING 


processor family (the 68000-series), which | VIN 
has gone through several generations: the | 
68000; the 68020, 68030 and 68040. The 
Mac’s operating system is known simply 
as System 7 -— the number reflecting the ey \0)-310):13 SYSTEM 
current upgrade. The big difference UNIT REGISTER 
between the Mac (simply because it is a UNIT 
wholly integrated personal computer) and 
IBM-compatibles is that any Mac (fromthe | 
year dot) is capable of running any Mac | 
software (albeit, maybe, more slowly than | DISPATCH 
faster and newer Macs can). The original UNIT 
Mac of ten years ago can run just about 
any modem Mac application. Try asking 
an 8086-based IBM-compatible to run a 
modern Windows-based application! 

For the last ten years Apple (while little 
known in the UK, because it has long been 
almost shunned by the business environ- 





ment) has been one of the world’s largest | COMPLETION 
computer manufacturers. In fact, it is the FLOATING UNIT 
second largest overall and only IBM keeps | ce 

out in front. Indeed, last year (probably | 

due to temporary problems in IBM's sales) | BUS INTEGER 

Apple sold more personal computers inthe | INTERFACE EXECUTION 

USA than even the great IBM did. Kis prob- | UNIT UNIT 

ably true to say that if IBM had not BRANCH 
arranged the combination of hardware and | PROCESSING 
software between itself, Intel and UNIT 





Above right: Motorola’s MPC603 PowerPC chip — | 
to be launched by the end of the year. } 
Right: Motorola’s MPC603-microprocessor | 
architecture. 
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that it no longer wants to remain in the 
three-way partnership — through no fault 
of its own. IBM wants (needs) a bigger 
slice of the profit. Further, Intel chips are 
CISC (complex instruction set computing) 
devices and Intel has no wish to change 
them, while IBM sees them as limited in 
the long-term. 

Instead, IBM's future lies in RISC 
(reduced instruction set computing) 
devices; these are easier [read cheaper — 
Ed.] to make, lower-powered (they run 
cooler) and yet can give several orders of 
magnitude of performance improvements 
for comparable devices. From IBM's point 
of view there will be a bigger profit margin 
too! 

CISC microprocessors contain many dif- 
ferent instructions to handle many differ- 
ent tasks. Indeed, microprocessors like 
Pentium have so many instructions avail- 
able that nearly all of a computer's tasks 
can be handled by separate coded instruc- 
tions. RISC microprocessors, on the other 
hand, are streamlined and have only a 
small number of basic instructions — when 
a more complex instruction is needed the 
processor builds it from a combination of 
basic ones. 

RISC-based computers have been 
around for a little while, in the form of 
workstations from companies like Sun 
Microsystems, Hewlett Packard, DEC, and 
indeed IBM itself Cin the form of its 
RS/6000 workstations). Some smaller 
manufacturers have even attempted to 
build personal computers using RISC 
devices. But this is the first time that a 
large-scale move to RISC processing has 
been taken by any large personal com- 
puter manufacturer. Given the extra 
power, speed and manufacturing advan- 
tages, it is probably no surprise (to every- 
one except Intel, that is) that IBM is set to 
do this. 

What is surprising, on the other hand, is 
that IBM seems to have swapped bed 
partners to conceive its little baby. In a 
number of stages IBM has distanced itself 
from both Intel and Microsoft. The first 
stage began in July, 1991 when IBM and 
Apple (of all companies) met to define 
exactly what the future personal computer 
would look like. This was an extremely 
unlikely combination. Rumour has it that at 
the very first meeting, Apple engineers 
(the Mac has an extremely cool image, 
and just about all Apple employees are 
reputed to wear jeans and T-shirts) wore 
suits and ties, while IBM's staff, in defer- 
ence, tumed up casually dressed. 


Rock-and-Roll 


Rumour, and humour, aside, what IBM and 
Apple decided at those meetings between 
July and October 1991 forms the bulk of 
the quiet revolution in personal computers. 
They agreed to co-develop the computing 
platform which they named PowerPC — an 
RISC-based computing architecture which 
is fast enough and capable enough to run 
any, in fact, all of today’s modern applica- 
tions. Not only this, the architecture is 
defined so well and is so capable that it can 
run (or, at the very least, emulate) other 
operating systems, too. 

To develop and manufacture the inte- 
grated circuits used for IBM’s and Apple’s 
new personal computers, they contacted 
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Figure 1. PowerPC architecture. 


Motorola — long-time chip maker for Apple. 
Motorola worked so fast on the design 
that within a single year prototype 
PowerPC personal computers were run- 
ning. Before long, benchmark tests proved 
that even the most basic of PowerPC 
microprocessor (the PowerPC 601) will nun 
faster (over 30% so in floating-point cal- 
culations) and cooler than equivalent 
Pentium devices. 








For the operating system software itself, 
both companies decided to develop their 
own, although leaving the structure avail- 
able for either operating system to run on 
the other's machines, and for that matter 
other operating systems too. IBM's is a 
derivative of its AIX (a Unix-based operat- 
ing system IBM uses for its own worksta- 
tions), while Apple’s is simply its own 
Mac’s System 7. 


COMPARING THE PLATFORMS 


PowerPC 


The PowerPC architecture (shown in Figure 1) has several advantages over 
Pentium, not the least being separate (rather than mulkiplexed) data and address 
buses. It also incorporates inherent support for multiple processors to use shared 
RAM. In other words, several PowerPCs can function together to bring true 
multi-processing capabilities to personal computers. 

While the particular chip here (the PowerPC 601) is a 32-bit device, future 
devices (say, the PowerPC 603) are to be 64-bit, and as a result of forethought 
by the designers, even the 601 can use 64-bit code. 

These two factors ensure that the PowerPC family is ready for future use and 


upgradability will be easy! 
Pentium 


The Pentium microprocessor is effectively formed by two standard 32-bit 80486 
arithmetic logic units (ALUs) on one chip (Shown in Figure 2). To input and out- 
put data to and from these processors there is a 64-bit interface, and separate 
dual-ported code and data caches. Effectively such an arrangement means the 
interface can write data to each cache simultaneously, the dual-ported caches 
can be read similarly — and this can all occur at the same time. To speed up math- 
ematical calculations a pipelined 64-bit floating point unit (FPU) is coupled directly 
to a register set adjacent to the ALUs. It is an elegant architecture which can be 
expanded upon for a couple more generations at least. 

‘One of the immediate problems for Pentium-based personal computers is the 
fact that code optimised for 386-based microprocessors is not properly optimised 
for Pentium. Also (yes, you’ve guessed it!) code optimised for Pentium is not opti- 
mised for 386 microprocessors. In effect, different versions of operating systems 
are needed to get the best out of each processor type. While this is no problem 
if all personal computers are Pentium-based, for a while Gf not forever) 386-based 
and 486-based versions of personal computers will be more popular than their 


Pentium counterparts. 
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Effectively, in a single swoop therefore, 
both Intel and Microsoft have been dis- 
carded by the world’s two greatest man- 
ufacturers — makers and sellers of well 
over 20% of the world’s personal com- 
puters. This was no big deal for Apple, hav- 
ing never used Intel chips or Microsoft 
operating systems anyway. However, for 
IBM it marked the beginning of what could 
be the end of the personal computer as we 
know it. 

Other events have moved IBM further 
away from Intel and Microsoft. Since form- 
ing the PowerPC architecture with Apple, 
IBM contented itself with still developing 
Intel-based products, presumably in case 
PowerPC development fell through. In 
February though, IBM got down from its 
fence and finally cut short its Pentium 
development, selling its development 
rights back to Intel. While still holding the 
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rights to manufacture 486-based personal | 
computers for the time being, this has got 
to be just a short state of affairs. Once 
PowerPC personal computers come on tap 
in numbers there will probably be little need 
to continue making 486-based computers 
at all. They will not provide much cost 
advantage, and they will be considerably 
less powerful and slower than the new 
alternatives, 

There are also rumours abounding that | 
IBM is developing a version of PowerPC 
which will run native 486 code, thus mak- | 
ing available the whole raft of existing IBM- | 
compatible applications on the PowerPC 
platform (see later, however, for Apple’s 
solution). 

So are Intel and Microsoft in serious 
trouble? Well, remember (initially at least) 
that if IBM and Apple make about 20% of 
the world’s personal computers, there 
are about 80% left. Many of the manufac- 
turers of these personal computers are as 
yet committed to the Intel/Microsoft route. 
There is no doubt that 486 and Pentium 
derivatives, together with DOS and 
Windows, will abound for years to come. 


Number of years depends on whether the 8080 or the 8086 is used as the 
starting point. 

System 7 

MS-DOS and Windows 3:1 

Total transistor count minus the number of transistors devoted to on-chip cache. 





PowerPC vs Pentium — some technical details. 


There are simply too many existing com- 
puters which use the architecture and 
software for them to be cut off just like 
that. 

In truth, as we have seen, IBM will still 
manufacture and sell its own Intel-licensed 
486-based machines, capable of running | 
DOS and Windows, for a short while. | 
However, other manufacturers, probably 
for the same reason that manufacturers 
joined the IBM-compatible bandwagon ten 
years ago, will slowly at first then more 
rapidly start to use the PowerPC architec- 
ture. Within two to three years it is easy 
to foresee a situation where no CISC- 
based new personal computers exist at 
all; Intel may have problems. 

Intel is currently the world’s largest 


manufacturer (by far) of computer inte- 
grated circuits. Recently, the Pentium 
microprocessor (code-named the P5) has 
become its flagship device. It is currently 
developing the next generation of Pentium 
(the P6) and has even announced devel- 
opment of the following generation (the 
P7). It is investing heavily in fabrication 
plant (a brand new factory was opened in 
the Republic of Ireland in February) to cope 
with expected demand for Pentium 
devices. New lower-powered and faster 
Pentium devices are currently in develop- 
ment, so it can be seen to remain fully 
committed to its CiSC-based stance. 
Current users can rest assured they will 
not be left out in the cold. 

But (and this is a big but) there is a doubt 
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Figure 2. Pentium architecture. 
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that ClSC-based devices are restricted in 
the levels of performance they can achieve 
for any viable price. RISC-based machines 
will be cheaper (Apple’s new range starts 
at less than £1,400, for a personal com- 
puter far more capable than any existing 
Pentium-based machine and, of course, 
much cheaper). To commit itself to an archi- 
tecture which is old-fashioned and expen- 
sive may be Intel’s obituary. 

As far as Microsoft is concerned, it has 
several eggs in several baskets. While DOS 
and Windows themselves are by far 
Microsoft’s greatest assets, they are not 
the company’s only products. They also 
develop, manufacture and sell many best- 
selling applications which simultaneously 
provide a significant income. Anyway, even 
if the worst scenario occurs (where all 
computer manufacturers turn to PowerPC 
over the next few years) DOS and 
Windows will continue to sell in bulk for 
existing personal computer users. There 
are reputed moves afoot within Microsoft 
to develop Windows for the PowerPC plat- 
form, too. Already, Apple ships models 
of the PowerPC range with a Windows 
emulator (written, incidentally, by 
a UK company, Insignia) known as 
SoftWindows. This is a Microsoft-licensed 
derivative of the Windows code, so to all 
intents and purposes, Macintosh PowerPC 
users can run Windows and DOS (together 
with any subsequent application for those 
platforms) on their PowerPC at the touch 
of a command-key switch. While this is an 
emulation, PowerPC itself is so fast that 
even the cheapest new Mac PowerPC still 
performs the emulation at the speed of an 
existing fast 386-based personal computer. 

In effect, the PowerPC platform is open. 
Operating systems from several comput- 
ing platforms (UNIX, OS/2, System 7 and, 
yes, even Windows and DOS) will run on 
it. Hence every application that users 
already have, and are likely to ever want, 
will run on it. 

That is not really PowerPC’s forte; it has 
the added benefit that applications specifi- 
cally written for the PowerPC architecture 
can take advantage of its in-built speed 
and power. They will run up to ten times 








faster than on any non RISC-based per- 
sonal computer alternative. Most of the 
world’s leading applications manufac- 
turers (over 150 of them, including 
WordPerfect, Aldus, Quark, Adobe, and 
even Microsoft itsel) have announced 
such native PowerPC software to run on 
the new Macs that in the end there could 
be no need to run DOS and Windows at all. 


Try Me and You’ll Never 
Go Back 


Apple has even gone to the unpre- 
cedented step of saying that it may license 
its operating system, System 7, to manu- 
facturers of PowerPC personal computers 
who want to have access to the wide 
range of Macintosh PowerPC native appli- 
cations. This has never happened before 
in the company’s history; jealously guard- 
ing its integrated environment has always 
been a feature of Apple. This is one of the 
main reasons why the Mac has a look and 
feel totally of Its own, which even 
Microsoft’s Windows does not decently 
emulate (and falls a good way short of in 
ease-of-use). You could go so far as to say 
that another of the reasons why Macs 
have never been as popular as IBM-com- 
patibles is that they used to be expensive; 
they were only built by Apple, and the 
operating system was not available on any 
other (cheaper) manufacturer’s personal 
computer. By making System 7 available 
on licence to other manufacturers heralds 
a totally new approach which could shake 
the personal computing world. Apple's 
advanced production lines making com- 
puters as cheap as any manufacturer's, 
yet System 7 usable on all PowerPC plat- 
forms; surely, the best of both worlds? In 
truth, although Apple will license its sys- 
tem, there are no plans yet to license the 
program which gives the Mac its computer 
screen desktop — the Finder. So PowerPC 
users of other manufacturers still will 
not be able to have a computer which 
looks like a Mac - yet! However, Sun 
Microsystems and Hewlett Packard work- 
station users will. By the time you read 
this, Apple’s Macintosh Application 


Specifications and Applications for all the 
components you're ever likely to need from 
3 to 13GHZ, including all the latest 
developments, upgrades and, of 


course, competitive prices. 
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Environment will be available on those plat- 
forms, running the Mac environment 
together with its applications. 

Whatever the outcome though, this all 
goes to show that PowerPC is truly ‘open’, 
The Intel ClSC-based route of 486 and 
Pentium, on the other hand, is as yet 
closed. Whether Intel eventually capitu- 
lates to the RISC requirement, or Pentium 
becomes an open architecture in the same 
way PowerPC was designed to be - are 
questions remaining as yet unanswered. 
There will inevitably be a slide of personal 
computer manufacturers away from Intel 
and towards PowerPC, simply because the 
weight of IBM and Apple together with all 
their open applications will start to tip the 
balance. It has already started - several 
personal computer manufacturers are 
already in talks to develop PowerPC prod- 
ucts, and PowerPC devices are being used 
in other products too. Canon and Ford for 
example are two manufacturers who are 
using PowerPC devices in future com 
puters, office equipment and car man 
agement systems. As the slide continues 
the balance will tip even further, until Intel 
sees an avalanche away from itself which 
might finally change its mind as to RISC- 
based ‘open’ personal computing. 

In the worst case, Intel’s dominance of 
the personal computing integrated circuit 
market will cease. Maybe Intel itself will 
cease. Motorola will become as big a man- 
ufacturer as, if not bigger than, Intel. True 
32-bit operating systems will become the 
norm, taking over from Microsoft’s 16-bit 
Windows as the world’s leading operating 
systems. At the very least, however, 
cheaper PowerPC computers than 
Pentium will force lower and lower prices 
throughout the industry yet again, and no 
longer will there be such a dominance of a 
single hardware/software alliance. 

Over the next ten years of personal 
computing, only the user can be guaran- 
teed to benefit. Faster, more and more 
open, and ever cheaper personal com- 
puters will become the norm. In effect, the 
future ten years of personal computing will 
simply mirror the trends which occurred 
over the last ten years. 
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Each device comes with a comprehensive manual. C, Pascal and Basic drivers are included for users «= - 


who bao to write their own software. Software Bipialteg on3. disk. 
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i NEW. 400 100\ Virtual Instrument 


Dual Channel 12 bit resolution 


The ADC 100 offers both a high 
sampling rate (100KHz) anda 
high resolution. It is ideal as a 
general-purpose test instrument 
either in the lab or in the field. 
Flexible input ranges (+200mV 
to +20V) allow the unit to 
connect directly to low output 
sensors such as microphones 
or to high level signals (+200V 
with a x10 scope probe). 


with PicoScope £199 
t OE (00 Rionaaiae & oi masa 


@ Digital Storage Scope 
@ Spectrum Analyser 
@ Voltmeter 

@ Frequency Meter 

@ Chart Recorder 

@ Data Logger 





AOC 10 ADE 7 HOE 12 ADE 16 

1 Channel 8 bit 11 Channel 10 bit 1 Channel 12 bit 8 Channel 16 bit+ sign 
@ Lowest cost @ Digital output @ High resolution ®@ Highest resolution 
@ Upto 22kHzsampling @ Upto18kHzsampling @ Upto17kHzsampling @ 220Hzsampling 
@ 0-5V input range @ 0-2:5V input range @ 0-5V input range @ 2Hz sampling — 16bit 


The ADC 10 gives your The ADC 11 provides 11 The ADC 12 is similar to The ADC 16 has the 
computer asinglechannel channels of analog inputin the ADC 10 but offers an highest resolution of the 


of analog input. acase Slightly largerthan improved 12 bit (1 part in range, it is capable of 
Simply plug into the amatchbox. Itisidealfor  4096)resolutioncompared detecting signal changes 
parallel port and your portable data logging to the ADC 10's 8 bit (1 part as small as 40uV. Pairs of 
ready to go. using a ‘‘notebook”’ in 256). input channels can be 
computer. used differentially to 
ADE IO with ADE I with ADC 2 with ins pl ead wa oe 
PicoScope £49 PicoScope £85 PicoScope £85 sp si : ge 
Also Available from PicoScope and PicoScope and ADC 16 with F5 
wn (KR40T) PicoLog £95 PicoLog £95 PicoLog £115 
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When PC worked as a student 
assistant in the Solid State Physics 
Laboratory at Central Research 
Laboratories (in the fifties), on several 
occasions | was required to go down 
to the ‘battery room’ and patch through 
some DC power from the huge bank 
of lead acid accumulators, up to the 
lab via the heavy duty wiring which 

ran all over the premises. On the first 
occasion | was shown how to do it; the 
importance of doing it right being duly 
emphasised. The bank of accumulators 
was accessed via a row of sockets, 
providing 0 to 100V in 2V steps, whilst 
the circuits to the various labs were 
terminated in a similar row of sockets. 
To pipe the required power to one’s lab, 


two leads, with a plug at each end were | 


used — all the plugs being identical. The 
routine was to plug both leads into the 
lab circuit FIRST, with their other ends 
lying safely on the floor, and only THEN 
plugging into the required tappings on 
the accumulator bank. This was a very 
necessary precaution against short- 
circuits as there were no fuses in the 
system and the prospective fault 
current was hundreds if not thousands 
of amps. Disconnecting was done 
Strictly in the REVERSE ORDER. PC 
understood the importance only too 
well, having seen a 24V bank of rather 
smaller accumulators accidentally 
short-circuited in the Senior Physics 


Laboratory at school — within a few tens _ 








of seconds they were boiling and giving 
off steam laden with droplets of 
sulphuric acid. The unfortunate culprit 
was a new Physics Master, but he 
managed to clear the fault before any 
irreparable damage was done. What a 
good job the mains is liberally supplied 
with fuses! 

As | write, winter is fast approaching 


although by the time you read this, it will 


be next year. This heralds the season 
when power cuts are more likely, or 
likely to last longer when they do occur. 
As an insurance against this, PC has a 
1kW petrol-driven motor-generator set 
which is run from time to time to ensure 
that it will function when required for 
real. Five minutes running every six 
week period throughout the summer is 
the routine, and once a month in winter. 
1kW is hardly enough to power the 
whole house, and of course activities 
such as electronics and word 
processing end during a cut. It does 
keep the freezer and central heating 
pump going, with enough in hand for a 
light or two. The dodgy part is starting 
up. First, the main switch is thrown, 


isolating the meter and company’s fuse, | 


then the generator output is connected 
to a switched ring-main socket (set to 
OFF) in the conservatory, where the 
generator lives. The generator is started 
and run up next, and finally the 
ring-main socket is set to ON. When 
power is restored, indicated by the next 


door neighbour's lights coming on, the 
whole sequence is repeated in strict 
reverse order. So what's dodgy? — it's 
the necessary mains lead with a plug 
on each end, a potentially lethal 
contraption, normally kept under lock 
and key. | can’t figure out any other 
way to use the generator to power the 
house circuits, can you? At least the 
live and neutral cannot short directly, 
unlike the leads used with the 
accumulator plug-bank mentioned 
above, and if the plug accidentally 
came into contact with metal, the 
generator's cut-out would open. The 
thought of a live plug lying around is 
disturbing, hence its incarceration in the 
absence of a power cut. Ideally, one 
would have the freezer and pump on 
a separate circuit brought out to the 
conservatory, where a lead to that 
circuit could be plugged into the ring 
main or generator as required. 
Unfortunately with solid floors that 
would not be easy to implement and 
would still leave the problem of lighting 
circuits. So the existing arrangements 
are likely to remain, strictly operated 
when required by no-one but the 
master of the house. If there’s a power 
cut when I’m away, Mrs PC will just 
have to put on extra woollies, rely on 
candies for light, and the insurance for 
the contents of the freezer. 

| read somewhere recently about 
an electronics subcontractor who was 
contracted to produce some equipment 
(racks and backplanes or something 
like that) to the specification supplied, 
for a customer. This was very detailed 
on mechanical aspects such as fits, 
clearances, tolerance’s, etc., but simply 
specified the resistance between all 
points on each cable or backplane run 
as 0Q precisely. The subcontractor 
contacted the customer and 
diplomatically explained that any 
connection must have some finite 
resistance, however small, and that 
therefore they could not proceed with 
the contract until they received an 
appropriate amendment to the 
specification. After some delay and one 
or two prods from the subcontractor, 
the amendment duly arrived. The 
required figure for the continuity tests 
was now quoted as 0Q +5%. 


Yours sincerely, 


punt Om 








The opinions expressed by the author are not necessarily 
those of the publisher or the editor. 
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HIs project is an ‘intelligent’ 
Ni-Cd battery charger. It is based 
£ around the U2400B IC which has 
been specifically designed to handle 
the needs of Ni-Cd batteries. The IC 
itself contains much of the electronics 
required, which include (amongst 
other things) a processor unit, 
battery voltage and temperature 
monitoring comparators, PWM 
comparator, open collector 
charge and discharge outputs, 
LED status output, an oscillator, 
voltage reference and mains 
synchronisation. However, not all 
the features obtainable from the 
IC are used in this application. 

The use of this charger can 
improve the performance of a 
cell or cells with ‘reduced capacity’ 
by providing constant current 
discharge to a flat condition first 
before the constant current charging 
cycle commences. Once the charge 
cycle is completed (giving a 95% 
charge), the battery is then (by pulse 
width modulation (PWM)) ‘trickle 
charged’ for 100ms every 16:8s, which 
equates to a ‘form factor’ of 0:6%. 

To enable different voltage and 
lower capacity batteries than 1-5Ah 
to match the charger, two rotary 
switches are provided. The voltage 
select switch, divides the potential 


terminal voltage to provide the SPECIFICATION 

correct level for the voltage 

comparators; and the battery Power Supply: 240V AC SOHz 

capacity selector switch which alters 1 O)'1(=) Oxo) Ors10 1801 0)10) 08 33W maximum 

the PWM of the charge circuit, thus Input Connector: IEC plug 
preventing over charging. Output Connectors: 4mm. terminal posts 

A fully functional single cell will Overall Dimensions: 205 x 106 x 197mm (WHD) 

ioe Baan eronmegoliggoett 4 Battery Voltages: 1-2V, 6V, 7:2V, 8-4V, 12V 

© 1-6V. However, a reduced capacity ee 

(or damaged) battery will rise above Battery Capacity: 110mAh, 180mAh, 

the nominal terminal voltage. The S0O0mAh, 1-2Ah, 1-5Ah 
voltage monitoring comparator will (Slate se(ombleston lhr or 12hr 

then be active and increment the Overtemperature Threshold: 45°C 

event counter. It will then interrupt the Charge Current: 1:5A, pulse width modulated 


clock and turn off the charge output 
until the terminal voltage falls below 
the predetermined maximum voltage 
(an overheating battery will have the 


Discharge Current: Ss00mA 
bl arbesteleal/Vlon.cieelelsen@> I M\e)\(o(e (comm Ons) /PA\L 








same effect). Once the voltage and 
/or temperature have dropped, the 
charger will then begin to charge 
Constant the battery again. If another violation 
aur occurs (whether it be over voltage 

or over temperature) the LED status 
indicators will flash alternately, see 
Table 1. Should this situation occur, 
the cell or battery should then be 
‘cycled’, i.e. charged and discharged 
several times. 
















LED Status 
indicators 











Battery 
Temperature 
Monitor 





1h/12h Charge 
Time Select 
Switch 





Control Unit 
























y Pee 2 ; L,I Constant 
oltage Selec (a t ‘ 
Switeh /Monitor | Biechorae To assist the reader in understanding 


: 
A/ a | 
Switch 
the circuit description, first refer to 
the block diagram in Figure 1 — this 
Flat Battery | shows the overall concept of the 
Cnleliel project. Figure 2 shows the flow chart 
with the sequences and operation of 
the U2400, the heart of this project, 
and Figure 3 shows in more detail 
Figure 1. Overall block diagram. the internal operation of the IC. 
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Switch 
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Charge and Discharge Circuit > 


Refer to Figure 4, the circuit diagram 
of the U2400 Ni-Cd Battery charger. 
TRI and TR2 combined with R1 and 
R2 form the ‘constant current’ charge 
circuit. TR5, TR6 and R11 and R12 
form the ‘constant current’ discharge 
circuit, in each case RI] and R12 set 
the current rate. The charge rate is 
set at approximately 135A. and the _ 
discharge rate at 500mA. 

Diode D5 prevents discharge of 
the cell or battery via the constant 
current circuit, should the circuit be 
powered down. 


Battery Voltage Selection 


R14 to R19 determine the minimum 
and maximum voltage per cell. 
The values chosen set the minimum 
voltage to 0-8V and a maximum of 2V; 
the recommended current through 
the divider chain is = 20uA. 
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ee 


































Above: The assembled 





front panel PCB. 
Calculating Cell Minimum Right: The assembled 
and Maximum Voltages rear panel PCB. 


If alternative voltages are required, 
all the values will have to be altered. 
However, the total resistance must 
remain the same (assuming the 
voltage selector resistor chain (R20 
to R25) remains unchanged). 
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increment 
event counter 
Pin 12 open 
Pin 9 open 
Pin 10 open 


2 a 


























[_—Discharge | 
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Pin ul) 





















Trickle charge 


Pin 12 ‘O° pulsed 
Pin 10 open 














| Set ‘discharged’ | 
memory 











Pin 12 





‘1’ pulsed 
Pin 9)97‘1* pulsed 
Pin 10 open 
Timer_run 














Figure 2. Flowchart. 
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To calculate new maximum and 
minimum voltages; a little bit of 
simple mathematics is required: 


Rp = (RI x R2) + 1 + R2) 


Rt = Ra+Rp+Re 

Ra = (R14 x R15) = (R14 + R15) 

(or use the reciprocal method) 
Rp = (R16 x R17) + (R16 + R17) 

Re = (R18 x R19) + (R18 + R19) 

R= Rb +R 


Ra = (0:53 x R) + Vinax 
Re = Rr- (0-53 x Rt + Vin) 
Rp = R - Rx 


If different battery voltages are 
required, use the formula below: 


R, x (No. of cells -1) = R20 
upwards (to Rx) 


Battery Contact Monitoring 


The U2400B IC also includes a ‘battery 
contact monitor’ comparator to detect 
the presence of a cell or battery; 

the comparator requires a minimum 
input of 180myV, or a voltage of 500mV 
per cell. 

If a cell or battery is discharged 
below the minimum contact voltage, 
the charger will not recognise its 
presence and therefore will not 
be charged. Switch SW3 has been 
included to overcome the ‘flat battery’ 
problem. Pushing SW3 will connect 
the reference voltage (pin 7) through 
a 10k resistor to the cell or battery 
maximum voltage comparator (pin 
4). This will ‘force’ the charger into the 
charge mode while the switch (SW4) is 


NOTE TRG "c TRE 
are mounted directly 
onto the heatsink 
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LED STATUS 





FUNCTION 





Continuous red 


| Standby 





Flashing red 


Flashing green 


Discharge cycle 
Charge cycle 





Continuous green 


- Alternate flashing red / green 
Intermittent alternate flash red / green 


Trickle charge 








Over temperature failure 











Over voltage charge failure 





No LED ittuminated 


Table 1. LED Functions. 
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Rear panel of the assembled unit. 
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Figure 5. Pulse width versus input voltage graph. 


depressed, or until the cell or battery 
has sufficient charge to activate the 
‘pattery contact monitoring’ 
comparator. 

Atime lapse of 2s should be 
allowed between disconnection and 
reconnection to ‘inform’ the charger 
that a new cell or battery has been 
connected. 


Pulse Width Modulation (PWM) 


The resistor chain R3 to R8 determines 
the PWM characteristics of the charge 
circuit. An input voltage in the range 
of 0-9V to 2:1V will have a PWM ratio 


a iis ; ue, 


fa 


MAINS SUPPLY aany Sone 
POWER CONSUMPTION. Mok a5 


Rear panel of the assembled unit. 
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of 0 to 100%, refer to Figure 5; the 
divider current should be in the 
range of 20 to 200uA. 

During the discharge cycle TR3 and 
TR4 connect the reference voltage to 
the PWM comparator input therefore 
different capacity cells or batterles 
are discharged at the same low rate 
to ensure that a complete discharge 
is achieved. 


Charge Time 


The switch SWS selects between a 1 
hour fast charge or a 12 hour slow 
charge. Selecting the 12 hour position 





LaLa haa he 


i is! 


Lh ht ht bf 


Close-up of wiring —- front panel. 


Close-up of wiring - rear panel. 












will automatically PWM the charge 
circuit at a ratio of 1:11 (1 on, 11 off) 
which effectively will give the same 
amount of charge toa cellasa 1 
hour charge cycle. The 100ms charge 
pulse width will also be PWMed if the 
cell or battery capacity switch (SW2) 
is set lower than the maximum. 


Temperature Monitoring 


Another useful feature of the IC is that 
it has a ‘battery temperature monitor’ 
circuit which consists of R26, R27 

and TH1. Should the cell or batiery 
temperature rise above a preset 
point (with the chosen components 
greater than 45°C) the temperature 
comparator will be activated, a 
second violation will turn off the 
charge and discharge outputs. The 
status indicator LEDs will then flash 
alternately. The battery temperature 
must then drop to approximately 
30°C before the charger continues the 
cycle (the comparator has 15mvV of 
hysteresis). 

If you are wondering what the 
second comparator on the block 
diagram is for; its function is to 
determine whether the thermistor 
is connected or not; as the charger 
will not function without it! 


Unused Features of 

the IC 

A0-5Hz frequency is available at pin 
16; this can be useful for checking 
that the oscillator and divider circuits 
within the IC are functioning. 
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Figure 6. PCB legend and track. 
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Figure 7. Front and rear panel labels, shown 7/3 scale. 
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Figure 8a. Front panel drilling. 
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Figure 8b. Rear panel drilling. 























Figure 8c. Base drilling. 
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Connecting pin 14 of the IC to 
the reference voltage (pin 7) will 
disconnect the internal 200Hz 
oscillator from the internal control 
unit, allowing an external oscillator to 
be connected to pin 16 for alternative 
charge/discharge cycle timing periods. 
Pin 1 of the IC is the ‘mains 
synchronisation input (not direct 
mains), allowing the mains frequency 
to be used as the clock as well as 
turning on the charge output at the 
appropriate time. 


Construction 


Construction is fairly straightforward; 
fit all components except the LEDs 
and power transistors. For the PCB 
legend and track, see Figure 6. 
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Cut, eyelets off 
and taper end 
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Figure 9a. Front PCB switch, LED mounting and front panel assembly. 


The two rotary switches require 
slight modification, see Figure 9a. 
Remove the fixing nuts, lock washer 
and tag washer; turn the switches 
fully anticlockwise and reinsert the 
tag washer in position 5. Refit the lock 
washers and nuts, and trim down the 
switch shafts to 10mm; then remove 
the plastic location pins; finally 
remove the eyelets. 

Begin by inserting all the pins on 
the control PCB from the component 
side. The pins for the power supply 
PCB power transistors, are inserted 
from the component side. All other 
pins for the power supply PCB are 
inserted from the track side. 

Populate the PCBs with the smallest 
components first, working up in size 

to the largest. 

Be careful to orientate correctly the 
polarised devices, i.e. electrolytics, 
diodes, regulator and IC. The IC 
should be inserted into the socket 
last of all. 

Thoroughly check your work for 
misplaced components, any solder 
whiskers, bridges and dry joints. 
Finally, clean all the flux off the PCB 
using a suitable solvent. 


Box Preparation 


The front and rear panel labels for 
the optional box are shown in Figure 
7 - pre-printed labels are included in 
the kit. 

Refer to Figure 8a for the front 
panel drilling. Mark out, then drill, cut 
and file all the holes as required. Do 
the same for the rear panel as shown 
in Figure 8b, note the two large cut 
outs. Included tn the optional box is a 
chassis, this is where the transformer 
will be situated. Mark out the hole in 
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the base, noting the easy way of 
marking the centre in Figure 8c. 
Remove the paint around the top 
fixing hole for the heatsink inside the 
box, this is for the earth connection to 
the box. 

The front and rear panel labels 
should now be fitted to the box; trim 


Centrally Mounting 
TO3 Heatsink 
100mm X 





the label around all the front panel 
holes using a sharp craft knife. 


Final Assembly 


Fit the terminal (binding) posts 
into position; ensure that the solder 
tags are fitted horizontally, then 
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Figure 9b. Mounting power transistors on to the heatsink. 
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Figure 9c. Rear panel assembly — heatsink mounting. Figure 9d. Mounting the transformer on to the chassis. 

attach short lengths of red and black (keeping the shorter cathode lead a multimeter, set on the highest 

wire. aligned with the flat side of the resistance range; check the insulation 
Refer to Figure 9a and remove legend) and solder the LED leads between the transistor mounting tabs 

only the fixing nuts from the rotary to the board. Fit the rest of the front and the heatsink; an ‘out of range’ 

switches; fit the PCB into the box and panel hardware, reading should be obtained. 

fix in position with the switch nuts. Assemble the power transistors onto Preform the power transistor leads 

Insert the LEDs into the bezels then fit the heatsink as shown in Figure 9b; then bolt the heatsink assembly to the 

the bezels into their respective holes note the heatsink orientation. Using box (do not forget to fit the M4 solder 
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Figure 10a. Low voltage inter-PCB wiring. 


tag). Solder the green lead to the 
solder tag; fit the switch-fuse-IEC 
socket assembly to the rear panel, 
then solder the free end of the green 
lead to the EARTH pin of the IEC 
socket; do not forget to fit the 
insulation boot. 

Fit the M4 spacers to the PSU PCB 
shown in Figure 9c; then bolt the PSU 
assembly to the heatsink; solder the 
power transistor leads to the PCB pins. 

Next assemble the transformer onto 
the chassis, supplied with the optional 
box, refer to Figure 9d, and then 
place the chassis inside the box and 
fix in position. 

Wire up the low voltage and inter- 
PCB wiring as shown in Figure 10a, 
noting the connections to the switches 
and the socket. 

Figure 10b shows the fitting of the 
fused mains inlet chassis plug with 
switch, and the mains wiring 
including the earthing arrangements. 
Thoroughly check all wiring before 
proceeding any further; once checked, 
the enclosure lid can then be fitted. 

Complete the project by connecting 
the thermistor to the screened lead 
(insulate with the heatshrink sleeving) 
and fitting the 3-5mm jack plug to the 
other end. Finish by fitting the knobs 
to ithe rotary switches and inserting 
the fuse into the fuse drawer of the 
IEC socket. 


Testing 


To test the unit, a multimeter and a 
partially charged Ni-Cd battery is 
required. Make a suitable patch lead 
for your battery or battery pack to 
plug into the charger; plug the 
thermistor into the charger. 

Connect an IEC mains lead to the 
charger and plug into the mains 


44 


supply. Switch on the mains and 
charger; the red LED should 
illuminate continuously; select the 
appropriate charge voltage to match 
the battery or battery pack. Set the 
battery capacity switch to 1-‘5A/h and 
set the charge time switch to ] hour. 
Connect the multimeter (set to 
read 2A minimum) in series with 
the battery or pack, then connect to 
the charger. The charger should do 
one of three things, if the battery is 
partially charged the red LED will 
start to flash, indicating that the 
battery is being discharged; a current 
reading of (approximately) 500mA 
should be obtained. If the green LED 
flashes, the battery is being charged; 
a current reading of (approximately) 
135A should be obtained. Selecting a 
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lower capacity (A/h) range will cause 
the ammeter reading to flicker; if you 
have an oscilloscope, you will be able 
to see the PWM of the charge current. 

If the battery is totally flat the 
charger will not 'see’ it; in which case, 
pushing the ‘flat battery’ switch for a 
few seconds at a time, will force the 
battery to be charged. When the 
battery is sufficiently charged, the 
charger will detect its presence, 
and begin to charge it. 

Reselect the maximum battery 
capacity, then select the 12 hour 
charge time; the current reading 
will begin to flicker again. 

Selecting a lower capacity setting 
will reduce the average current even 
further; if you are able to see the 
charge current, you will notice that 
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Figure 10b, Mains wiring and earthing arrangements. 
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the current pulses are PWMed by the 
12 hour charge setting. 

Heat the thermistor above 45°C; the 
charge or discharge current will stop 
and both LEDs will extinguish. When 
the thermistor has cooled down, the 
charge or discharge cycle will begin 
again; but, on reheating, the LEDs will 
flash alternately, indicating that a 
violation has occurred. 

Disconnect the battery and the red 
LED will illuminate continuously. 

The Ni-Cd battery charger has now 
been fully tested and is ready for use. 





Important Safety Note: 


It is important to note that mains voltage is potentially 
lethal. Full details of mains wiring connections are shown 
in this article. 

Every possible precaution must be taken to avoid the 
risk of electric shock during maintenance and use of the 
final unit. Safe construction of the unit is entirely 
dependent on the skill of the constructor, and adherence © 
to the instructions given in this article. Sa 

If in any doubt as to the correct way to proceed, Bee 3 : 
advice from a qualified engineer. k i 








INTELLIGENT Ni-Cd BATTERY CHARGER PARTS LIST 


RESISTORS: All 0-6W 1% Metal Film (Unless Specified) 


0247 3W Wire Wound 
3302 1W 
360Q 
91Q 
16Q 
1502 
3902 
22k 
A7k 
100k 
470Q 
195 
390k 
3k3 
2k 
4k3 
2k7 
3k9 
910Q 
12k 
4k7 
33k 
36k 
2k4 
10k 
§10Q 


Thermistor 15k @ 25°C B=3740 


CAPACITORS 

€) 4700uF 35V Electrolytic 
C74 100nF 50V Disc Ceramic 
€3}5)7,8 10uF 50V Electrolytic 

C6 150nF Poly Layer 


SEMICONDUCTORS 

ZD1 BZX 4V7 Zener 

D1-5 1N5400 

TR BD712 

TR2,3 BC327 

TR4,5 BC337 

TR6 BD711 

ICl U2400B 

RG LM78L12ACZ 

LD1 Red LED 5mm 2mA 
LD2 Green LED 5mm 2mA 


MISCELLANEOUS 
$1,2 Rotary Switch SW12B 


sSYo) Sub Miniature Toggle Type A 


54 Push Type Switch 
16-pin DIL IC Socket 


Single-ended PCB Pin 1mm 


LED Bezel 5mm Convex 
Knob RN18 Red 

Knob RN18 Blue 

Large Terminal Post Red 
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Large Terminal Post Black 

35mm Jack Socket Chassis 

35mm Jack Plug 

Fuse/Switch Inlet 

Insulating Boot 

Push-on Receptical Cover 

Fuse 20mm T 500mA 

Transformer 18V 50VA 

Heatsink TO3 100mm 

Plastic Bush TO66 

Insulator TO220 

Heatshrink Sleeving CP32 
Heatshrink Sleeving CP24 

M4 Solder Tag 

M4 x 10mm Bolt 

M4 x 6mm Bolt 

M4 Shakeproof Washer 

M4 x 14mm Threaded Spacer 1] Pkt 
M3 x 12mm Bolt 1 Pkt 
M3 Nut 1 Pkt 
M3 Shakeproof Washer 1 Pkt 
M3 Washer 1 Pkt 
3A Black Wire 10m 1 Pkt 
3A Red Wire 10m 1 Pkt 
3A Green Wire 10m 1 Pkt 
Single Lapped Screen Cable 1m 
PCB 

Front & Rear Panel Labels 
Instruction Leaflet 

Constructors’ Guide 


(HFO2C) 
(CX93B) 
(HF80B) 
(JK71N) 
(JK67X) 
(FEOSV) 

(WR18U) 
(DH59P) 
(KWSOE) 
(JR78K) 
(QYA5Y) 
(BF88V) 

. @BF87U) 
(LR63T) 
(JY14Q) 

(JY13P) 
(F43W) 
(FG39N) 

(JY23A) 

(JD61R) 

(BF44x) 
(JD76H) 
(FA26D) 

(FA33L) 
(FA29G) 

CXR13P) 
(GH71N) 
(KP69A) 
(XU628) 
(XH79L) 


(M470R) 
(MIR5) 
(M390K) 
(M3K3) 
(M2k) 
(M4K3) 
(M2K7) 
(M3K9) 
(M910R) 
(M12K) 
(M4K7) 
(M33k) 
(M36K) 
(M2K4) 
(M10K) 
(M510R) 
(FX22Y) 


(JL30H) 


OPTIONAL (Not in Kit) 
Blue Case Type 237 
Euro Lead 


(XY47B) 
(MK41U) 


The Maplin ‘Get-You-Working’ Service is available for 
this project, see Constructors’ Guide or current 
Maplin Catalogue for details. 

The above items (excluding Optional) 
are available as a kit, which offers a saving 
over buying the parts separately. 

Order As LT55K (Intelligent Ni-Cd Battery Charger Kit) 

Price £39.99 C2 
Please Note: Where ‘package’ quantities are stated 
in the Parts List (e.g., packet, strip, reel, etc.), the 
exact quantity required to build the project will 
be supplied in the kit. 


(UK49D) 


(FF73Q) 
(FHOOA) 
(FH59P) 
(BL19V) 
(FL24B) 
(UK14Q) 
(FD67X) 
(FD65V) 
(HFO7H) 


The following new items (which are included in 
the kit) are also available separately, but are 
not shown in the 1994 Maplin Catalogue 
Intelligent Ni-Cd Battery Charger PCB 
Order As GH71N Price £4.49 
Ni-Cd Battery Charger Panel Labels 
Order As KP69A Price £1.99 
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Part One 
The First Four 
Channels 


)))))))))))))))) 
— s&s 
FAD OR FANCY ? 


NO AUDIO technique has had 
a more chequered history than 
‘surround sound’. We shall 
be looking at everything from 
two-channel stereo to the latest 



















by J. M. Woodgate B.sc.éng,), 
C.Eng., M.LEE., M.AES., FInst.S.C.E. 





THE VERY EARLY DAYS 
The story probably begins in France 


around the turn of the century, when all 
sorts of applications of the then new 
telephone technology were actually 
tried out. No business plans or cash- 
flow forecasts in those days: the 
supremacy of the bean-counters was 
sixty years in the future! The 
application we are concerned with was 
a scheme to install a row of 
microphones, perhaps eight, along the 


Loudspeaker A is louder than B, as shown by the 
thicker lines. So P is nearer to A than to B. 





Figure 1. Two-channel stereo: wavefronts 
from loudspeakers at A and B combine 
(more or less) to produce the effect of a 
wavefront coming from P, as far as the 
listener at C can tell. 
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front of the stage of a theatre, and 
connect each by a separate telephone 
circuit to a corresponding row of what 
were effectively primitive horn 
loudspeakers in the homes of people 
who could pay for the privilege. It 
wasn't technically very good or very 
economical (although the discovery that 
only two channels gave quite a good 
impression of the directions of sound 
sources was made at this time). It 
ignored the social dimension: socially 
active people went to the theatre to see 
and be seen (and still do), and staying 
at home was no substitute. Such lessons 
as these are rarely learnt: home 
shopping by computer suffers from the 
same drawback: it’s DULL! 


THE TWENTIES 
AND THIRTIES 


The advent of electrical recording was 
perhaps responsible for a new surge of 
interest in ‘more-than-one-channel’. 
Probably the greatest electronics genius 
so far (he was personally responsible 
for the development of most of 
electronic television and the non-linear 
techniques of electronics, in two 
decades of incredible achievement), 
Alan Dower Blumlein was in a good 
position, first at Columbia and 
subsequently at EMI (now part of 
Thorn-EMI), to do something about it. 
He developed the two-channel stereo 
technology that we use today, and 
investigated much further into multi- 
channel systems. Much of his work 





developments. Each stage is peppered 
with romantic names and symbols for 
particular systems, most of which are lying 
wrecked along the tortuous road of progress. 


is lost or only known in fragments. 
Figure 1 shows the general idea: two 
loudspeakers A and B produce sound 
waves which spread out like ripples on 
a pond. The sound from A is louder, as 
indicated by the thicker ‘ripples’, so that 
when the ripples meet at the listener C, 
he gets the impression that the sound 
comes from a single source at P. 
Commercial secrecy and other factors 
led to the more-or-less independent 
repetition of much of Blumlein’s work 
in the USA a few years later. The 
Americans explored some aspects 
which Blumlein had not, and this has 
led to the usual controversy over who 
invented what. Blumlein’s many 
patents provide a reliable but 
incomplete record of his work. 


WORLD EVENTS 


The development and exploitation of 
surround sound was held up by the 
intervention of Adolf Hitler and his 
Nazi Germany in 1939. Blumlein’s work 
on airborne radar led to his death in an 
aircraft crash in 1942. Post-war austerity 
gave little room for new developments 
in consumer goods and in any case 
European countries wanted to start or 
restart television services and supply 
new receivers before bothering about 
audio. 


THE FIFTIES 

In the mid-Fifties, the time was judged 
right for beginning commercial 
exploitation of two-channel stereo. In 
England, Clark, Dutton and Vanderlyn 
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developed the EMI ‘Stereosonic’ 
system, using ’/sin. reel-to-reel magnetic 
tape, which not only priced the system 
out of most people’s reach but was not 
a popular medium even with 
audiophiles. However, stereo disc 
records (using Blumlein’s technology) 
soon followed, and these made stereo 
sound readily accessible to the mass 
market at low-cost. Some of the 
equipment offered, however, made 
drastic compromises in order to 
minimise the size of the second 
loudspeaker, and proved to be less than 
satisfactory. 


THE SEVENTIES 


On the apparent basis that twenty years 
of two-channel stereo was enough, 
attempts were made in the Seventies to 
introduce four channels, and it was to 
prove a complete disaster. The audio 
industry was taught a lesson, which it 
has only recently forgotten; that too 





© Some of the equipment 
offered, however, made drastic 
compromises in order to 
minimise the size of the second 
loudspeaker, and proved to be 
less than satisfactory. by) 





many incompatible rival systems just 
ensure that everyone loses money! We 
had three major systems, known as SQ, 
QS and CD4. SQ and QS were ‘matrix’ 
systems, in which four original 
channels were condensed into two for 
recording on disc or tape, and expanded 
into four again for reproduction. CD4 
was a discrete system for disc recording: 
it used the two baseband channels of 
ordinary stereo, plus two more 
channels modulated on a high- 
frequency carrier. All of the systems 
suffered from technical difficulties: SQ 
and QS because the correct way of 
handling the matrix operations was far 
more complicated than it appeared, and 
CD4 because of the need to record, and 
recover, very high frequencies from a 
vinyl disc record. There was a fourth 
‘system’, invented, or anyway, 
commercialised, by David Hafler, which 
had certain advantages: 


¢ it cost very little 

e it worked with many ordinary 
stereo records, whereas the other 
systems needed special ones 


While it sometimes did not work very 
well, neither did the other systems. One 
problem common to them all is that you 
can’t put four loudspeakers in the 
average European living room without 
at least one being in the way of a door 
or window. I understand that rooms in 
the USA are designed differently. We 
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shall be looking at the Hafler system 
and its relatives in more detail later. It 
was at this time that mathematician 
Michael Gerzon appeared in the audio 
arena, and contributed to the early 
experiments and theoretical work. 


THE EIGHTIES 


The early Eighties saw a considerable 
amount of fairly abortive research by 
the BBC (culminating in ‘Matrix H’). 
The evolvement, by Michael Gerzon 
and Peter Fellgett, of the necessary 
mathematical theory allowed the 
development of a rational system of 
multichannel ‘surround sound’. This 
system is called ‘Ambisonics’, and if it 
hadn't originally been developed under 
the dead hand of the (British) National 
Research and Development Corporation 
it would probably be universally 
exploited now. Using up to four signal 
channels, reproduction can be 
satisfactory through anything from one 
to six loudspeakers: furthermore, only 
three channels are needed for 360° 
‘surround sound’ in the horizontal 
plane. Four signal channels, and six 
loudspeakers (or more, if you want) 
give full spherical coverage! 

Later in the Eighties, the exploitation 
of digital techniques and wideband 
transmission systems (such as satellite 
broadcasting and wideband cable) 
introduced the prospect of several 
discrete audio channels being available 
in one transmission channel. This has 
led to much speculation (and not a little 
commercially motivated hanky-panky) 
about the number of audio channels to 
be supplied with high-definition 
television signals. There has, perhaps, 





oe Effectively, this makes no 
more disturbance to the room 

layout than a mono TV set 

and a pair of loudspeakers 
for two-channel stereo. © 9 





been too little consideration of what the 
average TV viewer will be prepared to 
install: five loudspeakers seem unlikely 
to be popular, at any rate with Mrs Joe 
Public! In fact, a ‘new’ development, 
‘Front Creation’, resurrects some ideas 
from the Seventies to simulate five 
loudspeakers with only three boxes: one 
in the TV set or its stand and one on 
either side of the screen. Effectively, this 
makes no more disturbance to the room 
layout than a mono TV set and a pair of 
loudspeakers for two-channel stereo. 


THE NINETIES 


The main development so far has 
probably been the introduction into the 
public cinema of the Dolby Surround 
sound system, which has resulted in 
video films being made available with 








Dolby-Surround encoded sound tracks 
for home playback. This has created a 
market for domestic Dolby decoders. 
We shall be looking at Dolby-Surround 
decoders, later. 


SIGNS AND SYMBOLS 

You might have thought that this was 
going to be only a history lesson, but 
never fear! The mathematics and 
electronics are not far away. We shall be 
using several symbols, so instead of 
defining each one where it is first 
mentioned, they are all listed below. 


t difference in the time that the sound 
arrives at each ear 


h distance between the ears (measured 
through the head) 


c speed of sound in air (340ms~) 


6 angle between the central listener’s 
straight ahead direction and the 
direction of the loudspeaker 


phase difference at the ear between 
the sounds from the two 
loudspeakers 


@ angular frequency of the signal (27 x 
frequency in Hz) 


A amplitude of sound pressure from 
loudspeaker at point A 


B amplitude of sound pressure from 
loudspeaker at point B 


R_ phasor sound pressure at the ear (i.e. 
expressing both amplitude and 
phase) 


L RMS value of the electrical 
signal output from the left-channel 
between each microphone or input 
to the left-channel loudspeaker 


R RMS value of the electrical signal 
output from the right-channel 
microphone or input to the right- 
channel loudspeaker 


L' R' signals modified to preserve the 
correct image position at high 
frequencies 


BASIC TWO-CHANNEL 
STEREO THEORY 


To get at the basics, we have to go back 
to one of the original papers on the 
‘Stereosonic’ system, because later 
papers have either fudged the issue with 
some very dodgy mathematics or 
concentrated on other details. An 
example is the small difference in path 
length for sound going round the head 
from the front to the ear, and that for 
sound assumed to pass through the head 
as if it were acoustically transparent. 
Even Dutton and his colleagues did not 
include any details of the derivation of 
their basic equation, but did include a 
diagram like Figure 2, from which we 
can obtain good insight. We have two 
loudspeakers, at A and B, with O at the 
midpoint of AB, and to begin with 
our listener C is on the line CO, 
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late by the same amount. 


Figure 2. Basic geometry for two-channel stereo. 


perpendicular to AB. The circle rep- 
resents the listener’s head (not to scale!), 
D is the left ear and E is the right ear. 
Since D is a bit nearer to A, the sound 
from A arrives there before it does at E, 
and this time delay causes a phase 
difference between the sounds at the 
two ears. From Figure 2 the time delay 
is very nearly: 

sine 

Cc 


and the phase difference is 
@t or oh sine 


If we apply the same signal (such as 
1kHz tone-bursts) to both loudspeakers, 
in phase but not necessarily at the same 
level, and consider the sound at, say, E, 
we get a phasor diagram like Figure 3. 
The simplest way to find the resultant 
of the A and B signals is to use the 
cosine rule for the amplitude, and to 
find the phase angle by resolving the 
phasors parallel and perpendicular to 
the zero-phase line. The cosine rule 
gives: 





R = VA? + B?— 2AB cos ( - 201) 





= VA? + B?+ 2AB cos2@t 


while resolving A and B gives (A + B) 
coswt in phase and (A - B) sinwt in 
quadrature, so that: 


A+B 


Provided wt is small, tanwt = wt, and 
if wt is small, @ is small, so that > = 
tang, giving: 

A-B_ sing A-B 


Ee et eB 


Now, we saw above that a single 
source at angle @ produced a phase 





arg R = = arctan ( tan ot) 
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Distance DE=h. If h is small, the sound from A arrives at C, D’ and E’ 
simultaneously. The distances DD' and EE’ are both equal to h siné/2, so the left 
ear at D receives the sound early by h sin@/2c and the right ear at E receives it 
















The four angles of the parallelogram add up to 2x radians or 360°, and opposite 
angles are equal. So the angles at A and B are each x — 2ut radians. 





it turns out that altering the balance 
between the (A + B) and (A - B) signals 
by attenuating the (A — B) signal by 
approximately 3dB above 700Hz, 
allows a fairly consistent image position 
to be retained up to several kilohertz. 
(An exact value would have to take into 









B 







Figure 3. Phasor diagram for two-channel stereo. 


angle at the ear of wh sin@/c, so a phase 
angle of ¢ is produced by a single source 
at angle w, where: 








_ ap Sin 
$= ah — 
Therefore, 
siny A-B 
sing A+B 


an equation due to Ben Bauer, one of the 
chief perpetrators of the SQ system of 
quadrophony, and called ‘the 
stereophonic law of sines’. The question 
now arises is, how small must wt be to 
keep this equation reasonably valid? 
This is quite important, because, of 
course, ® is proportional to the signal 
frequency. The whole analysis clearly 
breaks down when @ = 360° (or 2x 
radians), because that is equivalent to 
no phase difference at all. The image 
position becomes completely 
ambiguous; a slight movement of the 
head produces either an image at the 
centre, or two images at the same points 
as the loudspeakers. At higher 
frequencies, multiple images appear 
under ideal listening conditions. You 
can measure the distance between your 
ears by shutting your head in a door 
and measuring the gap: it usually comes 
out at about 160mm. 6 is typically 60°, 
although as we shall see, a smaller angle 
may be better. h sin@/c is then about 
4 x 107, so the frequency at which the 
ambiguous image appears is about 
2-5kHz. Various estimates of how close 
one can get to this frequency, before the 
stereo effect collapses, have been made 
over the years, with disputes about the 
sizes (and shapes) of heads, and how 
much error is too much, but a recent 
paper by Gerzon repeats the figure of 
700Hz which was quoted by Dutton et 
al and originally by Blumlein. Luckily, 











account the directional responses of the 
loudspeakers.) This can only be verified 
by extensive and complex subjective 
testing in an anechoic room (because 
reflections in an ordinary room affect 
test signals differently from real 
programme signals), and there is still 
controversy, but the system works well 
enough. 


JUST A MOMENT 


The ‘law of sines’ has never seemed to 
me to be very satisfactory. From Figure 
2, we can see that OA = OC tané. 
Similarly, if the image is at a point P on 
OA, OP = OC tany. So the distance of 
the image from O is OA tany/tan®. Since 
this equation contains the angle 6, the 
image position depends on the 
loudspeaker layout, whereas the 
original source position clearly doesn’t. 
If the system is to give predictable 
results, the original source must 
produce a pair of signals from the stereo 
microphone which uniquely determine 
its direction. In other words, the im- 
age position relative to the two 
loudspeakers should depend only on 
the (in phase) sound pressure 
amplitudes A and B, and not on 
anything else. Since equal values of A 
and B put the image in the middle, it is 
tempting to regard the sound levels of 
the loudspeakers as weights on a beam 
balance, and the image position P as 
the fulcrum. Referring to Figure 4, we 
find that the condition for the ‘beam to 
balance’ is that the ‘turning effects’ or 
‘moments’ are equal and opposite at P: 


A_b 
Aa = Bb, or ==— 
a or B = 


and some simple algebra gives: 
A= ea 
A+B bra 


(b — a) is twice the image distance from 
the centre position, while (b + a) is the 
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Ratio of distance from centre of stereo 
image to distance between loudspeakers 


0.1 (jr 0.35 0.4 


Ratio of loudspeaker signal voltages or sound pressure 


i 
O54. (O'S 087 


The three lower curves show how the image position varies with the 6 (see Figure 2) according to the ‘sines 
law’. The top curve shows the image position according to the ‘moments law’, which agrees with the ‘sines 
aw’ for a very distant listener. Note how the image moves towards the centre, for a given ratio of signals, as 


the listener moves closer to the loudspeakers. 





Figure 5. Image positions given by the ‘sines’ and ‘moments’ laws. 


distance between the loudspeakers. It 
turns out that this ‘moments law’ gives 
an image position very close to that 
given by the ‘sines law’, between that 
and the position given by another ‘law’ 
which has been proposed, and for 
which the assumptions may be more 
valid, where ‘sin’ is replaced by ‘tan’. 
Figure 5 shows this, moreover that the 
difference between the true and 
apparent image positions decreases as 6 
decreases. It is impracticable to listen at 
home a long way from the 
loudspeakers, but 6 = 30° clearly gives 
less error than 6 = 45°. 





MICROPHONES FOR 
TWO-CHANNEL STEREO 


Blumlein had only omnidirectional 
microphones at the beginning, and 
could only produce directional 
information from two of these by 
spacing them about 200mm apart and 
going through a complex frequency- 
dependent sum-and-differencing 
(matrixing) operation on the original 
output signals. Later, one omni- 
directional microphone was used, to- 
gether with a velocity microphone 
(ribbon microphone) having a figure-8 
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directional response, the microphones 
being as close together as possible. The 
signals from these represent a monaural 
signal (M) and a directional or stereo 
signal (S), so this arrangement is called 
‘MCS stereo’, and I hope to do an article 
specifically on this system, later 
(including an M-S loudspeaker). The 
abbreviation is also interpreted as ‘mid- 
side stereo’. Later recordings were made 
with specially built twin ribbon 
microphones, mounted one above the 
other, with their axes at right-angles. 

It isn’t easy to find a ribbon 
microphone these days, and it seems 
that the only other figure-8 type which 
is available is the double-diaphragm 
capacitor microphone, made for 
recording studio and broadcasting 
work, and very costly. However, it can 
be shown that a pair of identical 
microphones with a cardioid (heart- 
shaped) directional response, mounted 
as close together as possible and with 
their axes at 120°, produce signals 
which are very suitable for two-channel 
stereo. The directional responses are 
shown in Figure 6a, while Figure 6b 
shows that the sum of their outputs is a 
‘sub-cardioid’ (a squashed circle). This 
gives a basically omnidirectional 
response but with about 10dB more 
sensitivity for centre-front sounds than 
for centre-back sounds, which is often 
a good thing, while the difference signal 
has a figure-8 directional characteristic 
with maximum responses to sounds at 
the sides. All that is necessary is to 
arrange that 3dB attenuation of the 
difference signal (corresponding to the 
S signal) above 700Hz that we saw 
above was necessary in order to prevent 
an incorrect image position at higher 
frequencies. To do this, it might appear 
that we would need a matrixing circuit, 











Figure 6: (a), Directional responses of two cardioid microphones with axes at 120° (linear scale); (b), Directional responses of the sum and 
difference signals from two cardioid microphones with axes at 120° (linear scale). 
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Figure 7. Controlled-crosstalk circuit for correcting image position at high frequencies. 


which produced (L + R) and (L — R), 
attenuated the (L - R) signal by about 
3dB above 700Hz, used a second sum- 


and-difference operation to produce . 


new signals, L and R’, suitable for 
amplification and applying to two 
loudspeakers. However, it is simpler to 
operate on the L and R signals directly, 
using a process known as ‘controlled 
crosstalk’. Considering only signals well 
above 700Hz, the sum signal has to 
remain as (L + R), while the difference 
signal has to be attenuated by 3dB, to 
become 0:71(L — R). If these were 
matrixed to obtain the L and R' signals, 
we would get: 


(L+R) +0-71(L— R) = 1-71L + 0-29R 

and 

(L + R) — 0-71(L — R) = 0-29L + 1-71R 

The multiplication of the original L 
and R signals by 1.71 simply represents 
some gain, which we do not want to be 
mixed up in the matrixing, so we scale 
the output signals from the (imagined) 
matrix to get: 


tee 0:29 F 
L=L+ SR =1+0-47R 


and 
R'=0-17L+R 


In other words, we feed into the L 
channel, a little R signal (15dB down), 
and vice versa. These L’ and R’ signals 
could be larger in amplitude than the 
original input signals (for a central 
source at, say, 2kHz). We should 
therefore attenuate them by a small 
amount (1/1-177 or 1-4dB). A suitable 
basic circuit is shown in Figure 7, 
which could be built using any decent 
quad op amp. It is not designed to 
process the microphone outputs 
directly (for which a lower noise design 
is desirable), but to sit at the output of 
a mixer, or in two channel ‘insert points’ 
of a more sophisticated one. The input 
stages are inverting buffers, which are 
needed to preserve polarity overall, 
because the output stages have less than 
unity gain (1/1-177, of course) which 
can only be obtained with inverting 
amplifiers. The crosstalk signals are 
provided by the 18kQ resistors and 
8n2F capacitors, the latter ensuring that 
the crosstalk operates only above 
700Hz. It might be an improvement to 
use a crosstalk network with a greater 
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rate of change of attenuation with 
frequency (but still with a maximum 
injection level at high frequencies of 
-15dB), but this could be quite a bit 
more complicated to achieve. In any 
case, the directional responses of real 
cardioid microphones are not perfect, 
sO some experimentation with crosstalk 
levels (and the angle between the 
microphones) is in order. 


LOUDSPEAKER MATRIX 
SYSTEMS: SURROUND 
SOUND AT LAST? 

When I began to research this article, I 
found the useful information scattered 
far and wide, interleaved with much 
waffle, and some in papers of 
considerable vintage which may not be 
very accessible in future. So it seemed 
right to start with a thorough grounding 
in two-channel stereo, as the only way 
of leading to some insight into the far 
more difficult theory of multichannel 
systems. Not only that, much of the 
simple technology of the Seventies is 
well worth reviving by a new generation 
of enthusiasts. 

We have seen above, that for 
coincident-microphone stereo, the 
difference between the two loudspeaker 
signals corresponds to the output of a 
sideways-facing figure-8 microphone. 
So, if we reproduce the difference signal 
through two loudspeakers arranged at 
the sides of the listener, we might at 
least enhance the illusion of sound 
sources extending beyond the space 
between the main loudspeakers. David 
Hafler and others tried it, and found 
that it works incredibly well on some 
commercial recordings, and not at all 
well on others. Of course, ‘not at all 
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well’ does not mean damage to the 
equipment, just that a pleasing illusion 
is not created. The system usually 
works best if the two extra loudspeakers 
are well behind the listeners and rather 
further apart laterally than the two main 
loudspeakers. The extra loudspeakers 
are wired, with opposite polarities, in 
series between the ‘hot’ amplifier 
output terminals for the main 
loudspeakers. Do I hear cries of horror 
and derision? Loudspeakers in series!!! 
I can assure you that there is nothing 
wrong with that technique, certainly in 
the present context. In fact, Iam going 
to take even more liberties with the 
sacred cow of damping factor, and 
recommend a resistive volume control 
for the surround channel! Figure 8 
shows a basic circuit, where the volume 
control is a 2-pole 6-way switch (one 
day I will explain how to calculate the 
resistor values which give even 2dB 
steps of attenuation, and do not cause a 
disastrous loss of electromagnetic 
damping). It also turns out that, 
although the values are optimised for 
two 8Q loudspeakers in series, only the 
first step of attenuation goes somewhat 
wrong if you use two 4Q, or two 16Q 
loudspeakers. The rest of the steps stay 
close to 2dB, which, when you hear it, 
is a surprisingly small change of 
loudness. Actually, the original Hafler 
circuit simply used a variable series 
resistor as the rear volume control. The 
volume control is in a separate box with 
a trailing lead and a separate switch to 
turn the surround effect on and off. This 
is so that you can really assess the 
improvement while sitting in your 
favourite seat, while the other box of 
tricks, and all its wiring, lives next to the 
amplifier. The volume control not only 
compensates for some difference in 
sensitivity between the main and 
surround loudspeakers, but also allows 
the surround-sound level to be adjusted 
for different recordings, which 
produces intriguing effects. Small 
loudspeakers (but not too small!) are 
suitable for the surround channel, but 
they should have a good, level response 
from 200Hz to at least 6kHz. I have 
found that a wide range of recorded 
music benefits, but perhaps the most 
consistently pleasing results are 


iR 1R33 1R68 


=z 
S60R 8R2 2R7 RSS ERS 


Figure 8. A simple loudspeaker matrix for surround sound, usually attributed to David Hafler 


(except for the dual-chain attenuator). 
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obtained from recordings made in the 
60s and 70s, as featured on Radio 2. Of 
course, the station must be broadcasting 
in stereo, so Breeze AM and the like 
lose out, I fear. Modern, multimiked and 
randomly reprocessed offerings are 
much less successful. It is perhaps 
thought-provoking to note that Dutton 
and his colleagues, in the original 
‘Stereosonic’ paper, suggested that 
stereo mixers for recording would need 
only two main channels, with perhaps 
two auxiliary channels for spot-mixing 
particularly quiet sources, instead of the 
eight or so used in those days for mono 
recording! 


GERZON’S ‘NEW SPATIAL 
STEREO’ (VINTAGE 1972) 


Michael Gerzon developed an 
improvement of the Hafler system, 
which, on some recordings, suffers from 
an overemphasised difference signal. 
Figure 9 shows the necessary circuit, 
which is similar to the basic Hafler 
circuit but contains an extra variable 
resistor between the common point of 
the two rear loudspeakers and that of 
the front pair. This resistor effectively 
adds some (L + R) signal into the 
rear channels, so that the two rear 
loudspeakers no longer reproduce the 
same signal but with reversed polarity. 
Instead, we get signals like, for example, 
0-7(L — 0-8R) in the left rear and 0-7 
(R -0-8L) in the right rear. The factor of 
0-7 represents a 3dB attenuation, which 
is an unavoidable loss due to the use of 
low-cost resistive matrixing while the 
fact that the two rear channels signals 
are different means that directional 
information appears to the rear as well 
as to the front. For this simple circuit, 
we cannot easily use the dual-chain 
resistive attenuator as in Figure 8, 
because we need two of them and we 
don’t have low-cost 4-pole 6-way 
switches. However, we also don’t have 
2-gang low resistance pots, so we use 
the 2-pole 6-way switch to make two 
ganged 6-step variable resistors to act as 
the rear volume control and one 1-pole 
12-way switch to act as the ‘rear spread 
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Figure 10. Matrix circuit for four-channel vector display on an X-Y oscilloscope. 


control’, varying the amount of (L + R) 
signal fed to the rear channels. There is 
some interaction between the controls, 
which is minimised by a careful choice 
of circuit values. 


FOUR-CHANNEL 
VECTORSCOPE 


You may have met the term 
‘vectorscope’ in connection with colour 
television, but the same sort of display 
can be useful at audio frequencies, 
especially to examine the effects of 
applying the simple matrixing 
operations described above to different 
recordings. What we do is to matrix the 
four signals yet again, using steering 
diodes: so that a right front signal 
produces equal positive-going signals 
for the X and Y amplifiers of the 
oscilloscope; a left front signal produces 
a positive Y signal but a negative X 
signal; centre front and back signals 
produce positive and negative-going Y 
signals only; and side signals produce 
only X signals. Since the rear signals 





from the loudspeaker matrix are not 
earth-referenced, we have to include 
balanced-input unity-gain buffers 
before the vectorscope matrix. A 1458 
or TLO72 op amp will do this nicely, as 
shown in Figure 10. You can spend 
hours looking at the trace patterns 
instead of listening to the music! 
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NEXT TIME 


Next time, we will look at why 
multichannel theory is so difficult, and 
the more sophisticated Ambisonics 
system, while the (current) ultimate, the 
Dolby Pro-logic decoder and LucasFilm 
THX reproduction system, will follow 
in Part 3, together with some ideas for 
low-cost (well, relatively!) home 
experimental systems. 
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N most cases for security punposes 
these detection methods are adequate, 
although vibration sensing can sometimes 
be prone to false triggering due to passing 
| traffic. In many cases, the unit may have to 
be set in a desensitised state to avoid 
| annoying false alarms. 
| Current trends in vehicle crime involve 
smash and grad offences, with forced entry 
through parts of a vehicle not 
protected by current sensing 
equipment, or areas that 
do not activate the interior 
light such as the boot, 
hatchback, rear passenger 
doors and soft tops. 
This project was 
designed with the 
above points in mind, 
and provides a facility 
to interface an 
ultrasonic sensor to 
the alarm system adding 
a further dimension to 
the ‘Vixen’ and other similar remote 
| vehicle alarms at low cost. 
The interface described is designed for 


The assembled Ultrasonic Interface PCB. negative earth vehicle electrical systems and 
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by M. D. Burkill and R. S. Girdwood 


The basic ‘Vixen’ remote vehicle alarm supplied by 
Maplin is an advanced microprocessor controlled 
security system offering extremely good value for money, 
Amongst other features the system employs two 
commonly used methods of intruder detection; they 
being vibration and current or volt drop sensing. 














is intended to be used with the ‘Moss’ range 
of ultrasonic units which are readily available 
from Maplin. 


Referring to Figure 1, which shows the block 
diagram for the ultrasonic Interface, and 
Figure 2, the circuit diagram, circuit operation 
is as follows: 

C3 and C4 help reduce any high 
frequency noise that may be present on the 
supply — cars are notorious for producing 
electrical noise. 

With the ignition ‘ON’, D4 conducts, 
pulling the input to IC1d high. Since IC1d 
is configured as an inverter, its Output will 
be low. TR1 is therefore biased off, thus 
removing the negative supply to the 
ultrasonic detector and effectively 
inhibiting the rest of the circuit. 

With the ignition ‘OFF’, the input to IC1d 
is pulled low by RQ, the output of IC1d goes 
high, which in turn causes TR1 to conduct 
providing the negative supply to the ultrasonic 
detector circuit unit, thus Powering it up. 

The input to the interface is connected to 
IC1a via Vsig and pulled high by R1. When 
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Figure 1, Block diagram of the Ultrasonic Interface. 


the ultrasonic unit is triggered, an open | 
collector transistor within the unit pulls 
pins 1 and 2 of IC1a low. Since |C1a is also 
configured as an inverter, its output changes 
state from low to high. 

IC16 and associated components form 
a monostable and a pulse generator. A 
positive-going pulse appearing at the anode 
of D2 will charge C2 and cause the normally 
high output of IC1, which is configured 
[yes, you've guessed it — Ed.] as an inverter, 
to go low. The duration that IC16’s output 
stays low is set by timing components 
C2 & R4 and is approximately 10s. 

IC1c is configured [getting a bit 
predictable this — Ed.] as an inverter, 
since its input is pulled high by R3 its 
output is normally low. TR3, an N-channel 
enhancement mode insulated gate field 
effect transistor (IGFET), is held in the non- 
conducting state by the low output from 
IC1c. A negative going pulse from IC16 
charges C1 and causes the output of IC1¢c 
momentarily to go high, the duration of 
Which is set by C1 & R3 and is approximately 
100ms. 

The high output from IC1c biases TR2 on 
and causes current to flow through R6. The 
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Figure 2. Circuit diagram of the Ultrasonic Interface. 


current flowing is approximately 2-:5A, giving 
an instantaneous power dissipation of 
approximately 30W. But since the period of 
time that the current is flowing is very short, 
a low wattage resistor can be used without 
it overheating, as explained below. 

The current flowing has a brief loading 
effect on the car’s electrical system; with the 
‘Vixen’ vehicle alarm in its armed condition 
this brief loading is sufficient to trigger the 


Figure 3. PCB legend and track. 





current sense circuitry. The loading effect 
of the interface appears to be considerably 
higher than that of an interior light, which is 
normally 5W, but the instantaneous power 
dissipated by a ‘cold’ filament lamp is 
somewhat higher. Experimentation revealed 
that approximately 30W simulates that of 
an interior light switching on from cold. 

To avoid multiple switching of IC1¢ (hence 
continuous loading of the car battery), TR2 
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will not conduct until the ultrasonic detector 
has stabilised in a ‘no motion’ condition. 

In any case this will not occur until C2 has 
discharged through R4 below the lower 
threshold of IC1b, the time constant, as 
previously stated, being approximately 10s. 
This delay also serves to reduce the size 
(and cost) of R6 and can be explained by 
analysing the switching periods present 
within the circuit, ie. the differentiator C1 
and R3 = 100ms and the integrator C2 and 
R4 = 10s giving a mark space ratio of 100:1, 
therefore effective power dissipation in R6 
= 30W + 100 = 0:3W. 

D1 and D4 are included to protect against 
reverse supply connection. D3 protects IC1 
from being powered through pins 8 and 9 
should the +12V DC supply be 
disconnected with the ignition on. 


Construction 
A PCB legend and track are shown in Figure 
3. PCB fabrication is left up to the individual 
builder with whatever technique is available. 
Since the circuit is quite simple, stripboard 
construction could be employed if desired. 
Construction of the PCB is relatively 
straightforward. Solder resistors in place first, 
leave out R6 for the time being (see testing 
section later). Next solder in the four diodes 
noting orientation, then the four capacitors 
noting correct orientation of the electrolytic 
followed by transistor TR1, taking care to 
insert this device the correct way round, 
as shown on the legend. A strip of 3 pins 
should be cut off the connector strip and 
soldered with the short length into the 
board. The IC and FET are of CMOS 
fabrication. The usual care when handling 
static sensitive devices should be exercised. 


Top view 





End view 





Figure 4, Box drilling details. 
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The assembled Ultrasonic Interface PCB in its box. 


The legs of the FET should be bent at 90° so 
that the full length of the tao rests against the 
board. As for the IC, provided appropriate 
care is exercised, a DIL IC socket is not 
deemed necessary but can be used if 
preferred. Three PCB pins should be inserted 
and soldered to the board for power 
connections. Wires should be soldered to 
these pins and left at an appropriate length 
to connect to the points as indicated in the 
installation section. 


Testing 
Before commencing testing make one final 
check that those components requiring 
specific orientation are in fact the correct 
way round. 

Testing is quite straightforward requiring at 
a minimum a 12V low wattage test lamp and 


To 


permanent 
+12V supply 


To 
ultrasonic 
detector 





vey 


a power supply or 12V battery. Connect 
the test lamp across the supply and drain 
(tao) of TR2, then the power, and allow the 
ignition connection to ‘float.’ Take Vsig to 
ground momentarily (short out Vsig to the 
middle ground pin of the connector plug), 
TR2 should conduct and the test lamp fight 
up briefly. Check that TR2 does not conduct 
again by taking Vsig to OV — allow 8 to 12 
seconds to pass and again short Vsig to OV, 
by this stage C2 will have discharged and 
TR2 will conduct. 

With bench testing now complete R6 can 
be soldered in place. The box should be cut 
as dimensioned in Figure 4, following which 
the PCB can be secured to the lid of the box 
using the 10mm spacers. Complete assembly 
of the box bringing the three wires out 
through the slot in the side. 


To 
Ignition 
switched 
+12V supply 














Figure 5. Wiring diagram. 
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A Beginner's Guide 


by Bryan Hart 


Terminal Cases 
Te final part of this series supplies 


answers to some questions that arise 

with system connections, and offers 
practical guidance on methods of 
termination in digital systems. 


Lumped or Distributed? | 


First we consider the choice of a criterion 
that will enable us to determine whether the 
line-over-ground interconnection system of 
Figure 25 is to be considered as react 
and thus amenable to ordinary circuit 
calculations, or ‘distributed’ and requiring 
the application of the transmission line theory 
and arithmetic outlined in Parts One and 
Two. 








Figure 25. Lumped or distributed 
interconnection? 








PART THREE 


In Figure 26{a), Circuit A is represented 
by an equivalent generator vc with output 
resistance Re, a Circuit B by a single 
equivalent resistor, Rr. 

Although a perfect step is useful in 
explaining the mechanism of pulse 
propagation and reflection phenomena, it 
is not an acceptable choice of signal shape 
for vc because it is never met in practice. 

A sensible gk isa rent with a 
positive-going , as shown in Figure 
26{(b), tn sey is the approximate 
shape encountered with Sed and digital 
circuits driving resistive loads. The edge rises 
at a constant rate between levels Voi, Vou. 
Thus, the pulse amplitude is (Vou -Vo) = E 
and the transition time between levels is tc. 
Assume, as in Example 2 of Part Two, that 
Re = Ro, Rr = °°. For these conditions there 
is a match at x = O, and vr is a delayed 
replica of vo. 

Figures 27, 28 and 29 indicate how v; 
depends on td for three values of tc. In each 
of the corresponding sets of diagrams, (a) 
represents vc, (b) shows the edge being sent 
down the line, and (c) shows it after it has 
been reflected back from the load. The 
algebraic sum of (b) and (c) produces (d), 
the input waveform vi. 











(a) 


Ro 
OL ) | tase 
I Ti F 








Figure 26: (a), pulse equivalent circuit for Figure 25; (b), waveform adopted for ve. 
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(b) / 
(c) V4 
a 2tq=2t. 
(d) 
a, 
‘Plateau’ 





eae ae te 


Figure 27: (a), vc; (b), pulse edge sent 
den line at x bi 0; ine ulse Ge 
reflected back to x = O for ta = tz (d), vi, 
the algebraic sum of (b), (c). 


In Figure 27, td = t- and the generator 
only receives ‘news’ of Rr after the pulse 
generator output transition is completed. 
Hence, there is a plateau section in (d). 

For Figure 28, 2td = t-. Here the plateau 
does not appear because the drive circuit 
receives ‘news’ of Rr just as Vc is completing 
its transition. 


) / 
t—e 


2 











Figure 28. Waveforms corresponding to 
those of Figure 27 but with ty = t+ 3. 
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In Figure 29, (a) to (d), 2t¢ = t+ 2. In 
this case vi is influenced by Rr during the 
transition, and transmission line effects are 
obscured. vi now resembles ve in its central 
section. The resemblance becomes closer as 
2ta is made smaller in comparison with te, as 
shown in Figure 29{e) in which 2tg = t+ 4. 

The following criterion, that appears 
in the literature, for designating an 


























Note that if the transmission path is not 
direct, but capacitively loaded by stubs at 
points along its length, then the criterion 
needs numerical revision because t, is 
increased. This is dealt with elsewhere (see 
for example Reference 1 at the end of this 
article). 












































magnitude, that needs care in interpretation. 
A conservative approach is to assume 
distributed behaviour if é > 3t. +N, where 
N{>1) is a safety factor, but this leaves open 
to argument the numerical value to 
allocated to N. The choice N = 3 is an 
attractive one for experimental work with 
high-speed systems, because it allows a 
margin for upgrading system operating 


interconnection scheme as distributed is speed ata future date and gives the 
based on the condition that plateaux appear u simple relationship €> 3. However, used 
Gn jerkinghwondlorms: u indiscriminately it would lead to expensively 
j over-engineered systems. 
Ritenuctian n the application of the criterion there 
Oy > t In th lication of the criterion th 
ee, (dB) oa analogy with te ae . the 
Co equency of a signal applied to a filter. An 
: f ’ fo) — ‘ideal’ low-pass filter has the characteristic 
: i Poy 
f eel) tu = 2nsft.”! as a ‘ball-park ‘ F of Figure 30, which shows a sharp cut-off 
gure tor ares ie ag £ (Log scale) at f = f.. We can define as ‘low frequencies 
pe a ret ee His eke ad (5 e for which f << f., and ‘high’ if f >> f, 
2 Mie = th inches) > 3t. (express o i the pete igagptss ata rate 
3 iy! 2 per octave. However, a frequency 
Hence, if the drive unit has te = 1-5ns then ‘8 - comparable with f cannot be classified 
the liar a system must be a uniform a simply as ‘highor low’. 
transmission line tor € > 4-5in. 
In the phraseology of the introduction to Attenuation t ve Gate-Gate 
Part One, a line length of 12in. would be (dB) Interconnections 
considered ‘appreciable’ for t. = 1-5ns. / fo onfwhtcl 
Alternatively we could say that for ¢ = 12in. 0 f ae 25 reters to any system in which 
cidrcinaiien lentil tiactcc! t ‘ pulses are transferred between its constituent 
£ (Log scale) parts. In contrast, Figure 31 refers 
specifically to a digital system. DG and LG 
are binary logic gates and are shown with 
triangular symbols for generality. They have 














Figure 30. Filter characteristic used in 
lumped/distributed analogy. 


The discussion leading to the formulation 
of the criterion has been based, for simplicity, 
on the particular conditions Re = Ro, Rr = °°. 
Nevers. the criterion can be assumed to 
hold generally, though it is somewhat tedious 
to demonstrate this graphically. 

Finally, the criterion, as set out above, 
must be regarded as an engineering 
compromise and applied flexibly. It errs on 
the side of generosity in 2. In the following 
discussion, to save needless repeating of 
dimensions, it is to be taken as understood 
that é is expressed in inches and t, in 





an output resistance Rout and an input 
resistance Rin. Twisted-pair is used to connect 
the gates, and the transmission is single- 
ended, which means that one of the 
conductors is earthed at both ends of 

the line. 

\s it obligatory to connect resistors to give 
some form of matching if, using the criterion 
discussed previously, € > 3t.2 To answer this 
question, consider Figure 32{a). This shows 
the preferred shape ee the positive-going 
input edge to LG. Vii is the maximum 
voltage level that qualifies as a ‘1’, while Vi. 
is the maximum level that counts as a ‘0’. 
Vn and Vx are noise margins. For TTL, 
VN = 0.4V, VNH > 0-4V. 

Figures 32(b) and {c) show the ‘ringing’ 

















ES Dt y=2t nanoseconds. and ‘stair-stepping’ waveforms that can 
d=2tc/2 PP 
If € >> 3k, the interconnection must-be occur because of line reflections. These arise 
a line and treated accordingly: if ¢ << 3t because, in general, neither of the conditions 
it can definitely be regarded as lumped and, Rout = Ro, Rin = Ro is satisfied. Nevertheless, 
(d) depending on the magnitude of Re and Rr in matching is not obligatory provided Vb, vc 
relation to Ro eat by an open circuit, a do not exceed (VoH—Vnu), and a similar 
capacitor or an inductor. It is the ‘grey’ area, condition, involving Vou, Vn holds for a 
where é and 3t. are comparable in negative-going logic edge. 
(e) / 7 : LG 
tr 
e 2tqg=2tc/4 r 
Figure 29: (a), (b), (c), (d) correspond to 


waveforms in Figures 26 and 27 but with 
ty = t.+ 4; (c), ts = t+ 8. 
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Figure 31. Interconnected logic gates. 
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° . T 
Termination | Z; Zo Z3t Comments 
Parallel 0 Ro oo High-speed operation 
Heavy drive gate loading 
: nRo MRo | Reduced gate loading, but 
B Potentiometer | O ar two components cy 
ae Ses — 
iG AC. 0 Series oo Low gate loading, but 
Ro and C choice of C bean care 
: ; 
D Series (Ro-Rou) | co oo Low gate loading, but 
iS reduced speed 
* For Ri, >> Ro. T See Figure 34. 
Table 1. Matching techniques A, B, C, D, summarised. 
rere ; 
(c) 
ECL 
Figure 32: (a), ideal waveform for vz in FAST CMOS 


Figure 31; (b), practical waveform with 
‘ringing’ (compare with Figure 23(b) in 
Part Two); (c), waveform with ‘stair- 
stepping’. 


The object of matching is to change the 
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Table 2. Dot entries show safe matching options for methods A, B, C, D of Table 1. 


With method C, 

shape of the waveforms in Figures 32(b) and Pe ciao eh sb alimentos 
oo peo conrherevlee i 
4 "rg 5 ObIIg i fe qg 3=R3 to be sensitive to the pattern of the logic 

a ee reximum waveform. Table 2 shows matching options 
Sporn 7m it eon fi subsidiary = : : | that both 7 and practice have shown 
reason cou ifa such as Va caus «a fornilt 
jeueheaiues teen on ape Ti Z2=Rol | [yey /a Ro to be safe for three popular logic families. 

9 te 9 “Sparel ly cc/ Standard TTL was not originally designed 
face ne Dy ; e ca K V=Voc/n to drive matched lines. However, a twisted 
of gl Be a a ten a L Ky pair line (Ro ~ 100Q) can be driven without 
— ~~ rid = ie . the use of terminating resistors, because the 
than the i a drop ou one tec — ~ dca i a pone ; Wh 

Tia cee Ek ual cn eee A: provide a satisfactory termination, When 
is shown in eas 33. igen Ate ee 34: (a), technique B in more detail; ple alr K = a 
numerical values of the components depend squire ssthirtaniimckaiteaicaennieii sin : 


on the particular matching method used. 
There are four basic types, coded A, B, 

C and D in Table 1. Most of this is self- 
explanatory, but the following points deserve 
a mention. The circuit loading the line at the 
input to LG for case B is shown in Figure 
34a). If Zz and Zs have the values indicated 
in Table 1, then the equivalent circuit, looking 
between the terminals J and K, is that of 
Figure 34(b}. The value for n is set by the 
system designer. The popular choice, n = 2, 
for saturating logic gives an equal gate 
loading for the ‘0’ and '1’ output levels that 
is only one half of that for method A. For 
non-saturating logic, the standard choice 
isn= 2-6. 
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Figure 35. Location of matching components for ‘double-ended’ drive. 














For high operating speeds and high noise 


Moe environments, ‘balanced’, or ‘double-ended’, 
EL LG operation is necessary for lines of extended 
aS 2 length (>20m, say). Figure 35 in this the 
| ) driver, DG (see also Figure 6), supplies 








Figure 33. Showing the location of line-matching components for single-ended drive. 
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a logic signal Q to one conductor of the 

line and complement Q to the other. LG 

is a differential receiver which produces a 
logic level output that is dependent on the 
ce in voltage between the conductors. 
For series matching Zi = Ro+2 and Z2 = 0, 
and for parallel matching Z; = 0 and 

Zo = Ro~ 2. DG and LG can be ECL units, 


57 





4 
a 
- 


Ped 


Poser Fors ents 


‘canna eenenns, 
os emt mE, 
puweneenn ener 
aan eee en eee, 
euwememnmen er 
ane ee eee mee, 
Pere id 





le, 








¢, 






ene ewe 





Ss eee 


Figure 36. Line signals with identical pick 
up spikes ’S’, 





ite case of gate-gate interconnections, but 
r bus-system operation they are specially 
osenwl units with additional features. 

One obvious advantage of balanced 
operation is the rejection of noise spikes 
picked up from miscellaneous sources of 
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interference. These can range from radio 
and radar transmitters, to h electrical 
machinery switching on and off, and 
domestic electronic equipment. 

In Figure 36, a noise spike ‘S’ is picked 
up by each conductor of the line. Although 
the amplitude of this might well exceed the 
logic swing, it produces no output from the 
receiver because it only responds to 
differential inputs. The receiver behaves like 
a differential amplifier (followed by a limiter), 
rejecting a common-mode signal. 

The amplitude of ‘S’ can be minimised 
by having a low incremental resistance from 
each conductor to earth at its input to the 
receiver. This can be achieved by connecting 








a! M (Figure 35) to earth for saturating 
logic and -2V for ECL. 


CAR ALARM ULTRASONIC INTERFACE - Continued from page 54. 


Installation and Setting Up 


For safety, before commencing work, 
disconnect the vehicle’s battery and observe 
the precautions given at the beginning of this 
article. 

Refer to the wiring diagram in Figure 5, this 
shows the suggested wiring of the ultrasonic 
detector, and a couple of alternative ideas. 

Details regarding installation of the ‘Moss’ 
ultrasonic detector can be found in the 
instruction book accompanying the device. 
The setting up procedure should be read in 
conjunction with the proceeding paragraphs. 
The concealed cable should be routed to 
the interface. The interface can be fixed with 
double sided tape behind the dash. 

The ignition connection can be taken 
(using ‘Scotchlock’ or similar connectors) 
either directly off the ignition switch or to the 
supply of ancillary equipment such as a 
radio-cassette unit. The most effective point 
to take the +12V DC supply would be from 
the same point that the ‘Vixen’ is connected. 
If this is not possible then connect to any 
other point where the supply is constant, 
but not directly to the battery. The ground 
should be connected to any metal part of 
the vehicle that forms part of the vehicle 











ground circuit. With the interface supply | 
connected the ultrasonic detector can be 
plugged into the socket noting the polarised 
cut-out. 

Carefully set up the ultrasonic detector 
according to the ‘Moss’ instructions. 

Note, with this system the alarm does 
not need to be armed during the set up 
procedure. 

Having made these finite adjustments now 
check the ultrasonic detector auto power 
up facility. Reconnect the vehicle battery and 
switch the ignition ‘ON’, note the LED in the 
ultrasonic unit should be off as power to 
it is removed. Now turn the ignition ‘OFF’; 
the LED should light and the unit monitor 
movement. Finally, remove the interior lamp 
and from outside arm the ‘Vixen’; recheck 
the sensitivity of the ultrasonic unit by causing 
it to trigger the audible alarm. Replace the 
lamp — testing is now complete. 





Choice of Ultrasonic | 
Device and Alarm Unit 


As previously mentioned the authors 
recommend the ‘Moss’ ultrasonic units 
availaole from Maplin. These particular units 
have good immunity to false activation 





CAR ALARM ULTRASONIC INTERFACE PARTS LIST 


RESISTORS: All 0-6W/ 1% Metal Film (Unless Specified) 


R1,2 
R3,4 
RS 
R6 


100k 
1M 
10k 
4R7 


CAPACITORS 
100nf Polyester Layer 


10uF 16V Sub-Min Radial Electrolytic 


100nF Miniature Disc Ceramic 


SEMICONDUCTORS 
1N4148 


MISCELLANEOUS 

(M100K) 
(M1M) 
(M10K) 
(M4R7) 


(WW41U) 
(YY34M) 
(BX03D) 


(QL80B) 


®, 





Vixen Remote Vehicle Alarm 1 
Ultrasonic Sensor MS703 1 
Pin Connector Strip 

M3 x 10mm Insulated Spacer 
Copper Clad Board Single Sided (SRBP) 1 
Multi-purpose ABS Box Type T3 
1-4A Black 10m Wire 

1-4A Red 10m Wire 

Single-ended PCB Pin 1mm (0-04in.) 
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Conclusions 


This series has considered some basic 
aspects in the transmission of pulses on lines. 
For a further study, including a mathematical 
treatment, the reader is referred to the 
following. 
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requiring two movement detections before 
triggering, they also have good sensitivity 
adjustment plus an LED indicator which not 
only serves as an aid to setting the sensitivity 
but also provides a visiole deterrent to 
would be thieves. 

Although the circuit was designed to 
complement the ‘Vixen’, it should work 
with any unit that monitors the battery supply. 

Note: The circuit and information 
presented here must be considered as 
a basis for your own experimentation. No 
warranty is given or implied for suitability 
in particular applications — Maplin cannot 
support this information in any way. 
However, where possible, we endeavour 


to check that information is correct and that 


circuits will function as stated. 


(ZF47B) 
(ZCQ7E) 
1Pkt GWS59P) 
TPkt (FS36P) 
(HXO0A) 
(KC92A) 
(BLOOA) 
(BLO7H) 
(FL24B) 


, 


1 
1 
i 


The Maplin ‘Get-You-Working’ Service is not available 
for this project. 
The above items are not available as a kit. 


BC547 
BUZ10 
4093BE 


(QQ14Q) 
(UJ32K) 
(QW53H) 
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MAKING THE RIGHT 
CONNECTIONS IN 


Wiring usually follows set rules but 
that does not always mean it is simple. 
One of the benefits of a British upbring- 
ing is that it teaches you that you cannot 
put a square peg in a round hole. All those 
games pushing wooden shapes through slots 
are a good training-ground for later life, 
although with video connections even finding 
matching plug and socket connections is not 
necessarily a guarantee for success! 


LOOKING AT THE 
VIDEO BASICS 


Before we launch into detailed wiring 
diagrams or descriptions of connectors, 
it is worthwhile taking a refresher 
course on the video signal. This infor- 
mation is not easy to find in concise 
form elsewhere. It applies equally to all 
monochrome systems, whilst the colour 
information is valid for PAL and NTSC 
but not SECAM. 

The standard video signal is nor- 
mally generated and distributed as 
either a composite or non-composite 
signal. By composite we mean a ‘raw’ 
video signal to which has been added 
blanking and synchronising (sync) sig- 
nals. Generally this signal has an ampli- 
tude of 1V Peak-to-Peak (Pk-to-Pk) in 
amateur and broadcast video circles but 
1-4V Pk-to-Pk in some closed-circuit TV 
applications. Non-composite video has 
an amplitude of 0-7V Pk-to-Pk and is 
generally confined to studio situations 
where switching, mixing or other pro- 
cessing is to take place; synchronising 
signals (syncs) are added afterwards to 
make the video composite. Non-com- 
posite signals are also used in connec- 
tion with RGB colour. 

Composite video is sometimes abbre- 
viated to VBS (video, blanking and 
syncs) or BAS, its German equivalent. 
The similar expression for non-com- 
posite video is VB or BA. Colour com- 
posite video is called CVBS or FBAS. 

In traditional broadcast video appli- 
cations, cameras and other picture 
sources are either driven from a num- 
ber of separate centrally generated 
pulses, or arranged to self-synchronise 
themselves (genlock) to these pulses. 
This is to ensure there is no picture 
break-up or rolling when switching 
between video sources. Modern equip- 
ment is able to lock automatically to a 
reference source of ‘black and burst’ or 
‘colour black’, a mixture of mixed syncs, 
blanking and colour burst. In addition, 
vision mixers and effects generators are 
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nowadays generally provided with syn- 
chronisers which delay incoming sig- 
nals as necessary in order to perform the 
mixing or cutting cleanly. You may still 
come across older equipment on the 
surplus market which uses separate 
pulses, so here they are: 


LINE OR HORIZONTAL 
DRIVE (LD OR HD) 


This is a synchronising signal which 
initiates the horizontal scan in cameras, 
monitors, TV receivers, etc. In the case 
of a 625 line picture its frequency is 
15,625Hz. 


FIELD OR VERTICAL 
DRIVE (FD OR VD) 


In a similar way this signal starts the 
vertical scan; its frequency is usually 
related (although not normally locked) 
to the mains frequency. In European 625 
line systems these pulses are at 50Hz. 

Mixed Blanking (MB) pulses sup- 
press the video signal during the retrace 
period at the end of the horizontal and 
vertical scans. 

Mixed or Combined Syncs (MS or 
CS) are the signals used for synchronis- 
ing monitors and receivers. 

These four pulses are essential for all 
video, monochrome or colour. Colour 
television also uses Burst Gate (BG) 
alias Burst Flag (BF). All these pulses 
are normally distributed at 2V Pk-to-Pk, 
although some British, and most 
American and Japanese equipment 
require 4V Pk-to-Pk. 


CONNECTORS 
AND IMPEDANCE 


Video and pulse distribution cables 
should be coaxial, of 75Q impedance. In 
the professional domain the most com- 
monly used series of connectors used 
for video and pulses used to be the UHF 
type (also known as PL-259, M or F&E): 
these are cheap, robust and reliable. 























by Andrew Emmerson 


Newer equipment uses the more com- 
pact and handier BNC series connec- 
tors. Where video connections are 
frequently changed (also in British 
Telecom establishments), the MUSA 
plug or video plug is preferred. Belling 
& Lee connectors are seldom used on 
professional equipment and are not 
suitable for any application where they 
will be fitted and removed frequently. 

Hobbyist and semiprofessional (or 
prosumer!) started off using UHF and 
BNC plugs but manufacturers soon dis- 
covered they could get away with the 
less robust Phono, RCA or Cinch con- 
nector. Phono plugs are more compact 
and simple; they do work of course but 
their quality sometimes is suspect and 
they do not lock firmly in place as a 
professional connector does. For appli- 
cations involving multiple connections 
a multi-pin connector is essential. 
A number of patterns are used in pro- 
fessional and consumer video, and we’ll 
treat them in due course. 


DOWN TO WORK! 


Welcome to the world of wiring! Ready- 
made video leads are available from 
Maplin and many other suppliers but if 
you need something special (or want to 
save money) you will wish to make up 
your own. It goes without saying that 
plugs, sockets and cables must be of 
good quality and well soldered (or 
crimped) to avoid losing precious sig- 
nals. This applies particularly if you are 
making your own leads: make really 
solid soldered joints (not dry ones) and 
ensure no loose strands of cable can 
short out signals to ground. Ready- 
made leads produced by the video manu- 
facturers or by quality component deal- 
ers are very good, but bargain leads by 
unknown suppliers are best avoided. 
The latter often skimp on shielding, are 
poorly soldered or have plugs with 
indifferent plating. 

Good quality flexible coaxial cable 
should be employed (the impedance 
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Photo 1. UHF connector; (a) PL259 plug; (b) cable reducer; (c) SO239 socket. 


should be 752, but 50 and other non- 
descript coax will work in many unde- 
manding situations). Certainly there is 
no need to go overboard with oxygen- 
free silver-plated pure copper cable in a 
Teflon jacket and with rhodium-plated 
connectors as the Hi-Fi faddists do! 
Good old RG59B/U or broadcast-indus- 
try type PSF 1/3 will be just fine. Note, 
that if you are combining video signals 
with audio or pulses in one multicore 
cable you need to ensure that each sep- 
arate cable is screened. Any skimping in 
this respect will likely result in hummy, 
scratchy or indistinct audio and noisy, 
grainy video, possibly also break- 
through from one signal into another. 


VIDEO CONNECTORS 
IN DETAIL 
UHF CONNECTOR 


This is the oldest connector used for 
video and is also known as an F&E, in 
Europe as a PL-type and in Japan as an 
M-type. The name UHF is confusing as 
it recalls the connector’s wartime radar 
use, whilst F&E (Films and Equipment 
Ltd.) made many kinds of connector, 
not just this one (they are now called 
Cannon UK Ltd., by the way). The 
American military designation of the 
plug is PL-259. The general symbols for 
coaxial sockets and plugs are given in 
Figures 1a and 1b. 

It is a screw-on connector, very 
robust and somewhat bulky, as can be 
seen in Photo 1a. Reducers are available 
separately, which are screwed inside 
the barrel of the PL259, and shown in 
Photo 1b. This enables smaller sizes of 
coaxial cable to be fitted. It is also some- 
what difficult to solder successfully, 
which is probably why crimp and twist- 
on variants are popular (although the 
cheaper solderless twist-on types 
should be confined to short-term lash- 
ups). The socket which is designated as 
$0259 is available for panel mounting 
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Photo 3. Musa plug. 





Photo 4. S-Video connector (4-pin 
mini DIN). 


Centre 
contact 


Outer 
case 





Figure 1. General symbols for: (a) coaxial 
socket; (b) coaxial plug. 
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rag 











rh oes 


13/64" 


Figure 2. How to assemble a BNC plug. 





as shown in Photo 1c. In general, the 
connector is cheap, reliable and readily 
available — but also out of date. Modern 
equipment uses BNC connectors. 


BNC CONNECTOR 


As can be seen in Photo 2a this is a 
neater, more compact type which also 
has some technical advantages over the 
UHF type. The plugs have a twist on, 
bayonet fitting, and can be difficult to fit 
without some practice. The correct 
method of assembling a BNC plug is 
detailed in Figure 2, and the completed 
plug and coax shown in Photo 2b. 
Crimp and solderless versions are also 
made. 

Note that this connector is made in 
both 50 and 75Q versions and both 
types tend to be used indiscriminately 
in video applications. Some damage 
can be caused by mating 50 and 75 
connectors, and technically speaking, 
only 75Q types should be used in video. 


MUSA PLUG OR 
VIDEO JACKPLUG 


At one time this connector, shown in 
Photo 3, was quite common in profes- 
sional video circles, at least in patch 
panels where its quick push-in, pull-out 
qualities were appreciated. Nowadays 
most video routing panels are computer 
controlled and the only place it is still 
widely used is in BT facilities (London 
BT Tower and other network switching 
centres). In the ‘good old days’ when the 
Post Office had the spending power to 
specify the design of the video monitors 
it bought, this kind of connector was 
always fitted; you can still come across 
surplus PO equipment using them. 


S-VIDEO CONNECTOR 


The ‘S’ stands for separate luminance 
and chrominance, not for Super as in S- 
VHS. Confused? Never mind, the con- 
nector is at least standardised and is 
used to connect picture sources to 
recorders or monitors, the plug is 
shown in Photo 4. The symbol for the 
socket is shown in Figure 3a, and in 
Figure 3b for the plug, with the pin 
numbers and signal designations 
shown in Figure 3c. 


Front 
insulator 


Clamp Male 
nut Ferrule contact 
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'Y' Signal 3 0 o \* © Signal 
‘y Gnd 119 9 2 «ce Gna 


Viewed from front of socket 


Ground 

Ground 

*Y’ (luminance) signal 
‘C’ (chrominance) signal 














Figure 3. S-Video connector: (a) symbol for 
socket; (b) symbol for plug; (c) pin numbers 
and signal designations. 
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‘a Le a 
4 | GIGREENYY signal output 
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6 | WBS (composite video) 
esi 


|.9 | EXT HD/orGround 





Figure 4. 9-way D-type connector: 
(a) symbol for socket; (b) symbol for plug; 
(c) pin numbers. 


9-WAY D-TYPE CONNECTOR 


This is used on some Japanese colour 
cameras, used for industrial, computer 
graphics and surveillance purposes, 
and can carry both RGB and composite 
video. The plug and socket arrange- 
ments are shown in Photos 5a and 5b. A 
metallised cover which can be used for 
both is shown in Photo 5c. The symbols 
for the socket and plug are given Figures 
4a and 4b, and the pin numbers as 
viewed from the front of the socket 
given in Figure 4c. 


PHONO CONNECTOR 

This is an old-established connector 
which has stood the test of time. It is 
easy to solder, and of course it works, yet 
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something says it should be avoided in 
professional installations. It is only just 
adequate for serious use, and also with 
frequent use it tends to work loose in the 
socket, which is why professionals pre- 
fer latching connectors. For all this, it is 
widely used for video in domestic set 
ups but not from choice. A metal 
screened plug with a metal barrel and 
coiled spring cable relief sleeve is 
shown in Photo 6a, and a chassis 
mounting single hole socket in Photo 6b. 


COMBINED AUDIO/ 
VIDEO CONNECTORS 


These are also sometimes called AV con- 
nectors, although that term is not part- 
icularly explicit and not specific to 
any one pattern of connector. 


Photo 6. Phono connector: 
(a) line plug; (b) chassis socket. 





Shield viewed from 
the wiring side 


Pins of the plug 





AUDIO Output A 
AUDIO Output B 
AUDIO input A 
AUDIO Input B 
AUDIO Ground 


Photo 7. Peritel (SCART) connector: 
(a) line plug and socket 
(b) chassis socket. 








THE SCART 


CONNECTOR 

The SCART system is also known as the 
Perite] connector or Euroconnector; the 
cast name is misleading since there are 
other plugs known as Euroconnectors 
and the plug is used all over the world 
anyway. 

The original intention was praise- 
worthy, to simplify the connection of 
TVs, video recorders, home computers 
and TV games. The French deserve the 
credit for devising a universal connec- 


AUDIO Output A 
AUDIO Output B 
AUDIO Input A 
AUDIO Input B 
AUDIO Ground 





Location for the shield 
viewed from the wiring side 


Contocts of the socket 
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VIDEO Output 
VIDEO Input 

VIDEO Ground 

RED Video 

RED Video Ground 
GREEN Video 
GREEN Video Ground 
BLUE Video 

BLUE Video Ground 
Function Switching 
(Slow Switching) 
Blanking 

(Fast Switching) 
Blanking Ground 
Communication 
Dato Line 1 


Communication 
Data Line 2 


Communication 
Data Ground 


Common Ground 


VIDEO Output 
VIDEO Input 

VIDEO Ground 

RED Video 

RED Video Ground 
GREEN Video 
GREEN Video Ground 
BLUE Video 

BLUE Video Ground 
Function Switching 
(Slow Switching) 
Blanking 

(Fast Switching) 
Blanking Ground 
Cammunication 
Data Line 1 


Communication 
Data Line 2 


Communication 
Data Ground 


Common Ground 








Figure 5. Peritel (SCART) connector: (a) plug and socket pin numbers; 
(b) crossed connection diagram for interconnecting AV equipment. 
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tor catering for all options, and bypass- 
ing modulator and tuner compromises 
to give viewers a better picture. Wicked 
people say it was really a ruse by the 
cunning French to restrict imports, 
because it was made mandatory on all 
TV sets sold in France since 1980. Far 
from discouraging foreign TV manu- 
facturers, the SCART socket was 
adopted (fairly) enthusiastically by all 
concerned. 

There’s an old saying among en- 
gineers: “Sure, we're in favour of rigid 
standards; that’s why we support so 
many of them!” This is particularly true 





Audio input 
Video input 
Ground 
Video output 











Figure 6. Pin numbers for EIAJ connector. 


of the SCART system which, for all its 
mechanical weaknesses, did start to 
look as if it might become a world stan- 
dard for audio-video connections in the 
consumer field. Sadly people started 
making modifications and exceptions to 
the standard, with the result that there 
are now several variants in the wiring 
and pin-assignment of the connector. 
Never mind: most SCART connections 





[| ZIfe][5] 
bjt a bol[s] 


| PIN | FUNCTION 
Petey oy 
re Tally signal 
7 Mike out (2CH) 
8 REC Control 
[9 | Mikeout@cH) 
10 Mike GND 
11 Mike in (1CH) 


Pin 12 is sometimes used for GND 
(ground, earth). 














Figure 8. K-type connector pin numbers. 


conform to the main, most common 
wiring system. A line plug and socket 
are shown in Photo 7a and a chassis 
socket in Photo 7b. Figure 5a shows the 
plug and socket pin numbers, and 
Figure 5b the crossed connection dia- 
gram for interconnecting AV equipment. 

The names, by the way, are derived 
as follows. SCART reminds us of the 
committee which invented it, the 


Microphone/Audio Record 








Video In/Out 
































@® ® 
@ @) @) ® @ (2) Supply Ground 
(9) +12V Supply 
© @ \© o) Oo) Vertical Sync 
©) @) (s) () (Battery Alarm) 
Viewed looking into socket 
Horizontal Sync (Audio Playbock) 


Remote Switch 





Viewed looking 
into Socket 


CAMERA SOCKET 


[PIN/FUNCTION——————SPIN|FUNCTION, 

[1 |Video outpuvinpat | 6 [Remoteswitch 

[2 [ideo output Ground | 7 [Audio outputiinput 

Vertical Sync Eel 
ho] 


Viewed looking 
into Plug 


VCR PLUG 





Vertical & Horizontal Sync Ground Supply Voltage Ground input 
Horizontal Sync. 10 | Positive Supply Voltage input 


Pins 3,4 and 5 may be assigned to a number of different purposes, according to 
the manufacturer. Pin 3 may be Battery alarm or Vertical Drive; pin 5 can be 
Audio playback or Horizontal Drive. Pin 4 is always ground. 


Figure 7. J-type connector: (a) pin numbers; (b) camera/VCR connections. 
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Photo 9. J-type connectors. 


SCART WARNING 


There are many traps for the unwary 

with the SCART connector so it may 

pay you to read the following care- 
fully. 

1. Check the mechanical assembly of 
the plug after you have wired it. It 
is easy to assemble it wrongly, so 
that the pins do not mate properly 
with the female connector. 
Fortunately, the plug can be 
inserted only one way into the 
socket. 

. Many made-up leads sold com- 
mercially do not have all pins con- 
nected, nor do they all use 
individually screened cable for 
each connection. The former can 
lead to mysterious malfunctions, 
the second to patterning on the 
picture due to breakthrough 
between the separate R, G and B 
signals. You have been warned. 

. Some VCRs connect pin 8 of the 
SCART connector to +12V, whilst 
some connect it to ground. If two 
dissimilar machines are connected 
with a straight-through connection 
between their respective pin 8s, 
fuses will inevitably blow. Again, 
you have been warned {thanks to 
Steve Beeching for this tip). 





Syndicat des Constructeurs d’Appareils 
Radioréepteurs et Téléviseurs (associ- 
ation of radio and TV receiver manu- 
facturers). Peritel connects peripheral 
equipment to the television. 

Most of the connections are self- 
explanatory but some are not. Pins 10 
and 12 are for communication purposes 
and are undefined. Remote control was 
their original designation, being 
intended for D’B, the domestic data bus 
(now called the digital data bus). This 
was an ambitious scheme for control- 
ling all household appliances by com- 
puter, but has yet to take off. Some of the 
terminology must have got mangled in 
translation and the so-called fast-blank- 
ing input (pin 16) is a supremely mean- 
ingless term. In reality it isno more than 
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a toggle between normal TV viewing 
and RGB display; it is inactive during 
TV reception, and active when the TV 
display is used for anything else. Source 
switching (pin 8) is inactive during TV 
reception, and active when the TV is to 
be used as a video monitor. It also 
switches the TV between internal and 
external syncs, and on some TVs is 
used as a control signal to switch to 
reduced-height widescreen mode. 


EIAJ 

Also known as the Honda plug, Photo 
8, this 8-pin connector was widely 
adopted during the 1960s and 70s by 
Sony and other Japanese manufac- 
turers. It is found on video monitors, 
open reel and U-Matic video recorders. 
Figure 6 shows the pin numbers for the 
ELAJ connector. 


JAPANESE J-TYPE 

The main manufacturer of this 10-pin 
connector is Hirose (pronounced 
Hiroshi) and for a while it looked as if 
the pin assignments were going to be 
standardised. In the event, most of the 
pins were (and recognising this, the 
Akai VX-2 camera came equipped with 
a configuration switch to match differ- 
ent recorders!). The connector is found 








Photo 10. K-type connector. 





Photo 11. 8-pin mini DIN AV connector. 


A B 


Photo 12. (a) 6-pin DIN AV plug; (b) socket. 


on older VHS cameras and recorders; it 
tended to fall into disuse once cam- 
corders replaced separate cameras and 
portable recorders. Photo 9 shows the 
inline socket, plug and chassis socket 
for the J-type. On mains recorders it has 





been replaced by the SCART. Figure 7a 
shows the pin numbers, with Figure 7b 
showing the wiring between the cam- 
era/VCR connections. 


JAPANESE K-TYPE 

For its Betamax video recorders and 
cameras Sony could hardly adopt the 
same standard as the VHS camp, so 
they developed their own style, with 14 
pins, see Photo 10, (not to be confused 
with a similar but different connector 
on their broadcast gear). The J-type was, 
however, used on some Sony profes- 
sional cameras and recorders. Because 
the K-type connector was not used by 
other manufacturers it was only sup- 
plied as a spare part by Sony and was 
not found in general catalogues. The K- 
type connector pin numbers are shown 
in Figure 8. 


8-PIN MINI DIN AV 
CONNECTOR 


This is another connector that started 
off with a standardised pin assignment, 
but then some manufacturers had to 
break ranks. Since then manufacturers 
have added Y/C video and stereo sound 
functions to certain pins, which vary 
from one manufacturer to another, The 
connector is shown in Photo 11, and if 
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Figure 9. Examples of 8-pin mini DIN AV connector signal designations. 


FUNCTION (RECORD) 
Switching input, OV 


FUNCTION (REPLAY) 
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Audio 1 output 

No connection (DIN 45322) or 
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Switched to pin 1 (DIN 45322) 
Audio 2 input (DIN 45482) 














Allocation of pins 5 and 6 varies, according to the manufacturer; pin 6 can also be used for colour burst. 





Figure 10. 6-pin DIN AV connector. Continued on page 69 
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Panel Meters 


Part 1 of this series explained the basics of LCD 

Digital Panel Meters (DPM), and general rules for 
usage. Part 2 went on to give general application 

details of the two LCD DPM modules specifically 

shown in the current Maplin Catalogue. Part 3 
described a selection of practical ‘voltage’, ‘current’, 
and ‘resistance’ metering circuits that can be made 
using these or any other types of DPM, concluding 
with practical temperature modules. In the final part 
capacitance and frequency meter circuits, that can 
be made using modern LCD DPM modules, 
will be looked at. 





Before attempting to build any of this 
month's circuits, the reader is strongly 
advised to read the first three parts of the 
series, and to note the specific assign- 
ments of the DPM annunciator and deci- 
mal-point terminals, Their use is left to the 
common sense of the individual reader. 
Also note that in these diagrams ‘con- 
ventional’ DPM terminal notations are 
used, in which the notations RFH, RFL, 
ROH, and ROL correspond to the Maplin 
module notations ‘REF HI’, ‘REF LO’, ‘REF 
+, and ‘REF -’ respectively. Similarly, ‘con- 
ventional’ DP notations are used, in which 
DP1 corresponds to the left-hand decimal 
point, etc. 


PRACTICAL DPM 
APPLICATIONS - 

BASIC DIGITAL 
CAPACITANCE METERS 


A DPM can be made to read capaci- 
tance (C) values by connecting the 
unknown ‘C;’ to it via a linear ‘C’-to-V 
converter, One way to make such a con- 
verter is to use °C,’ and a standard re- 
sistor (Rx) as the timing elements in a 
precision monostable. This generates an 
output pulse with a width (W) linearly 
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proportional to the Cx-Rx product, as 
shown in Figure 52, This monostable is 
triggered at a fixed frequency or repeti- 
tion period, P, and its output is converted 
to a mean DC value via a C-R integra- 





tor. This mean value equals the peak 
pulse amplitude multiplied by W/P and, 
since Rx and P are fixed, is directly pro- 
portional to Cy; the DPM thus acts as a 
digital Capacitance Meter when this volt- 
age is fed to its input. 

In Figure 52 the DPM's reference (RFH) 
voltage is derived from the monostable’s 
supply rail via divider R2 and R3, so 
(since the DPM reads the ratio of the 
input and reference voltages) the unit's 
calibration is independent of variations in 
supply rail voltage, but can be varied by 
altering the ratio of R2 and R3. The circuit 
can be made to read different capaci- 
tance ranges by switching R; in decade 
multiples. 


A PRACTICAL 
CAPACITANCE METER 


Figure 53 shows a practical example of 
the basic Figure 52 circuit. It uses a 7555 
timer IC (a CMOS version of the 555) as its 
precision monostable, with decade values 
(1k to 10M) of Rx used for range selection. 
This monostable generates a pulse width 
of 1-1 x C X R, thus giving a full-scale 
pulse width (at ‘1999’ on the DPM) of 22ms 
with C and R values of 1:999nF and 10M, 
or 19-99uF and 1k, etc. To give the 7555 
adequate recovery time between pulses 
the clock period must be at least 50% 
longer than the maximum pulse width; 
it must be at least 33ms. 

The 7555 monostable is triggered by 
pulling pin 2 of the IC low, and for cor- 
rect operation the trigger pulse must be 
shorter than the minimum required out- 
put pulse. In this particular application 
the shortest pulse width that can be indi- 
cated by the DPM module is 22ms/2000 
= llus. Thus, in this circuit the trigger 
pulse needs to be a negative-going one 
with a width less than llus and with a 
repetition period greater than 33ms. In 
Figure 53 these requirements are met as 
follows. 

In the DPM module the TEST terminal 
is internally biased at about 5V below 
Vpp, and the BP (backplane) terminal 
switches between TEST and Vpp at about 
50Hz, giving a period of 20ms. In Figure 
53, IC1 is powered via the TEST terminal, 





Fixed 
frequency 
clock 
generator (Pulse 


generator) 














Figure 52. Basic operating principle and circuit of a Digital Capacitance Meter. 
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Figure 53. Digital Capacitance Meter. 


and the BP signal is divided by 2 by flip- 
flop ICla. The resulting 25Hz (40ms) signal 
clocks IClb, which is configured as a 
monostable and generates (using Rl and 
Cl) positive-going output pulses of 2us 
width. These pulses are inverted and level 
shifted by transistor Q1, to produce nega- 
tive-going 2Us trigger pulses with periods 
of 40ms on the pin 2 TRIG terminal of 
monostable pulse generator IC2. 

1C2's pulse width is controlled by Cx 
and range resistors R4 to R8. Its output is 
attenuated by R9 and R10 to give a 
mean value of about 100mV at the mid- 
scale ('1000') setting of the DPM, and the 
resulting signal is fed to the DPM’s IN HI 
terminal, where it is integrated by its 
internal 1M and 10nF filter. Divider R11, 
RV1 and R12 feeds nominally 100mvV to 
the RFH terminal of the DPM, and RV1 is 














Note: 
IC1 is 4027B 





used to adjust the precise calibration of 
the Capacitance Meter. 

The precision of the Figure 53 circuit 
is determined mainly by its R4 to R8 
range resistors, which should be 1% 
or better types. To calibrate the circuit, 
simply connect a precision capacitor (say 
100nF) in place as Cx, switch to the 
appropriate range, and trim RV1 for the 
appropriate meter reading. Calibration is 
then valid on all ranges. 


A PRECISION 
CAPACITANCE METER 


The Figure 53 circuit suffers from two 
minor defects. The first is that the periods 
of its BP-derived 40ms clock signals (and 
thus the circuit's calibration accuracy) 
drift by as much as 0:5% with variations 








19-99nF 
199-9nF 
1-999uF 
19-99pF 





in temperature and battery voltage. The 
second snag is that the circuit reads ALL 
capacitance, including residuals, appear- 
ing between its C, terminals, and these 
total about 32pF with no external C, con- 
nected, These residuals are too small to be 
read on ranges C to E, but (for maximum 
accuracy) must be subtracted from all 
readings obtained on ranges A and B. 
Figure 54 shows how the circuit can 
be modified so that residual capacitance 
is effectively cancelled out and the meter 
reads zero on all ranges when no exter- 
nal capacitance is connected to the Cy 
terminals. In this case the BP-derived sig- 
nal is used to trigger two 7555 mono- 
stables simultaneously. Their outputs are 
EXclusive-ORed by IC4 to give a pulse 
equal to the difference between their 
pulse widths, and this ‘difference’ pulse 
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Figure 54, Precision Capacitance Meter with zero residual reading. 
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Figure 57. A DPM Frequency Meter needs split supplies. These can be obtained from either a 
stack of 1-5V cells (a), or from a single 9V battery and an op amp supply splitter (b). 


is fed to the DPM module’ IN HI terminal. 
Monostable IC2 is connected to the C;, ter- 
minals (which are shunted by an addi- 
tional l0pF), and monostable IC3 is 
‘timed’ by trimmer capacitor C2. During 
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calibration, C2 is adjusted so that both 
monostables generate identical pulse 
widths with no external ‘C,'’ connected, 
and zero ‘difference’ pulses are sent to the 
DPM. The circuit's residuals are thus effec- 





tively cancelled, and the meter responds 
to externally connected C, values only. 
Note that IC3 is range-Switched in paral- 
lel with IC2 via SWlc. Precise ganging is 
provided on ranges A, B and C only; on 
all other ranges the residuals are too 
small to influence the meter readings. 


FREQUENCY MEASUREMENT 


A DPM can be made to read frequency 
by connecting the unknown frequency to 
its input via a f-to-V converter. A suitable 
converter can be made by using da 7555 
monostable in the manner shown in 
Figure 55. Here, the input signals are fed 
through a trigger-pulse generator, used 
to trigger the fixed-period 7555 mono- 
stable pulse generator, on the arrival of 
each new input cycle. These monostable 
pulses are integrated via Rl & C2 and 
fed to the input of the DPM module, 
which is scaled by R3 and R4. The inte- 
grated mean-DC value of these pulses 
equals Vp (their peak amplitude) multi- 


plied by W (their Width) and f (the input 
frequency). Vp and W have fixed values, 
however, so the DC signal reaching the 
DPM is directly proportional to f. Thus, 
when the DPM is suitably scaled by R3 
and R4, it acts as a direct-reading digital 
frequency meter, or DFM. 

In practice, the lowest convenient full- 
scale range of a DPM-based 3'/.-digit DFM 
is 1-999kHz, and this corresponds to a 
pulse period of 500us. For maximum accu- 
racy, the pulse width must be less than 
two-thirds that of P, so a width (W) of 
about 300us is needed. This can be ob- 
tained from the 7555 by using values for 
Rl and Cl of 27k and 10nF respectively. 

Figure 56 shows how the basic circuit 
of Figure 55 can be modified to act as a 
multi-range DFM. In this case the input 
signal is fed to an input conditioner and 
Schmitt trigger, and the Schmitt output is 
used to ripple-clock four decade dividers. 
The 7555 300Us monostable is provided 
with a trigger generator than can be fed 
from the output of the Schmitt or from 
any of the dividers. Thus, when the 7555 
is triggered directly from the Schmitt the 
DPM reads 1-999KHz full-scale, and when 
fed from the output of the last divider, 
19-99MHz full-scale. 
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PRACTICAL 
FREQUENCY METERS 


The DPM module, as a DFM, must be 
interfaced to the divider chain so that its 
COM terminal is maintained below the 
normal ‘Vpp - 2-8V’ value by external 
means. This is because standard CMOS 
ICs need a supply of at least 3V. With 
COM at ‘OV’, the DPM Vpp and Vss values 
are about +4:5V and -4-5V respectively, 
making +4:5V available for the divider 
chain. Figure 15 (see Part 1) shows one 
way of obtaining these supplies. 
Alternatively, Figure 57a shows how the 
supplies can be obtained from a stack of 
six 1-5V cells, or Figure 57b shows how 
they can be obtained from a single 9V 
battery using an op amp supply-splitter. 
The supply-splitter of Figure 57b adds a 
quiescent current consumption of about 
amA to that already being drawn, but it 
can supply additional currents of tens of 
mA to circuitry connected between +4:5V 
and OV. 

Figure 58 shows the practical circuit of 
a DPM-based DFM that reads up to 
19-99MHz full-scale in five decade ranges. 
When used with the Figure 57b power 
supply the circuit consumes about 3mA 
quiescent from a 9V battery, rising to 
4mA at 1MHz, and (when calibrated) has 
a reading accuracy of +1 digit. The cir- 
cuit accepts input signals in the range 
200mV to 5V mms, and operates as follows: 

Input signals are fed, via Cl and Rl, to 
the input of ICla, a very fast Schmitt trig- 
ger, which is biased at half supply level 


Notes: 

IC1 is 74HC132 
IC2,3 are 74HC160 
IC4 is 4518 


O—1.999kHz 
0-19.99kHz 
0-199.9kHz 
O—1.999MHz 


' O—19,.99MHz 9 








[3_ [4 ]5 [6 | 


by R2 and R3. The Schmitt output is used 
to clock four ripple decade counter stages. 
Ordinary CMOS dividers operate up to 
maximum speeds of only 1MHz when 
operated from a supply of 4:5V, so to 
achieve the required high operating 
speed, ‘HC’ types of silicon-gate CMOS 
counters are used in the first two (IC2 
and IC3) counter positions. On the proto- 
type unit these operate well up to about 
18MHz. 

The outputs of the Schmitt trigger 
stage ICla and the four divider stages are 
fed to a range-selector SWla, and then 
passed on to the 4s trigger-pulse gener- 
ator C4, R4, IC1b and IClc, which triggers 
the 7555 monostable using transistor Q1. 
The output of the 7555 is fed to IN HI of 
the DPM via a potential divider R8 and 
R9, while a calibration ‘reference’ voltage 
is presented to RFH via RV1. The circuit 
is calibrated by feeding in a signal of 
known frequency, switching to the appro- 
priate range, and trimming RV1 for the 
appropriate reading on the DPM module. 
Once the initial calibration is complete, 
accuracy is influenced only by variations 
in the 7555's pulse width, caused by ther- 
mal variations in the values of R7 & C5. 
For optimum calibrated accuracy, R7 
should be a high stability metal-film resis- 
tor, and C5 a polycarbonate capacitor. 

The circuit of Figure 58 can be modi- 
fied in a variety of ways, to satisfy indi- 
vidual needs. Figure 59 shows a 1MHz 
crystal calibration oscillator, designed 
around one section of a 4007UB CMOS IC, 
which can easily be added to the DFM 
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Figure 58. Digital Frequency Meter, reading 0 to 19-99MHz in five decade ranges. 


July 1994 Maplin Magazine 











Figure 59. This. 1MHz crystal calibration 
oscillator can easily be added to the DFM 
circuit. 


and consumes a mere 300UA when 
active. Figure 60 shows two simple pre- 
amplifiers that can be used to improve 
the basic sensitivity of the meter. The 
design of Figure 60a, based on one sec- 
tion of a 4007UB, has an input imped- 
ance of about 1M and _ improves 
sensitivity by about 20dB (to 20mV) at 
audio frequencies, but is useful to only a 
few hundred kHz. The simple design of 
Figure 60b also gives a gain of about 
20dB at low frequencies, but has a low 
input impedance (about 2k2) and is use- 
ful to several MHz. Each circuit consumes 
a couple of mA. 

Figure 61 shows, in basic form, how 
the DPM module can be used to read 
both frequency and AC volts (or any 
other desired parameter), With SW] 
switched to ‘f’, the input is switched to 
the input of the fmeter circuit, and IN 
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HI and RFH of the DPM are switched to 
the circuit's output. When SW1 is set to 
‘ACV’, the input is switched to the input 
of the frequency-compensated attenu- 
ator, which has its output fed to IN HI via 
SW2 and a precision AC/DC converter 
(see last month's Figure 42), and RFH is 
switched to a 100mV standard voltage 
derived from a bandgap reference. 





+4V5 


[]470R 
47k 


t+ .Qut to 
Schmitt 


Q1 





Figure 60. Two simple preamplifiers that 
can be used with the Frequency Meter. 


MISCELLANEOUS 
APPLICATIONS 


DPM modules can be used to indicate the 
value of any parameter that can be con- 
verted into a predictable (linear or log) 
voltage, current, or resistance. Linear 
transducers are readily available for 
measuring values of pH, light intensity, 
and radiation, etc. 

Cyclic parameters such as RPM and 
heartbeat rate, etc., can be measured by 
adapting the Frequency Meter technique 
already described. The RPM of a petrol- 
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Figure 61. Combined Frequency/ACV meter (basic circuit). 
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Figure 62. Basic RPM meter, reading 19,990 RPM full-scale from a 4-cylinder 4-stroke 
petrol engine. 
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Figure 64. In this 199-9mV DC voltmeter circuit, PCB or 
; module leakage resistance causes the meter to indicate 
Figure 63. Basic milliohmmeter, using 4-terminal measurement technique. 28-OmV with no external input applied. 
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powered engine, for example, is directly 
proportional to its contact-breaker (CB) fre- 
quency, f On a 4-stroke engine, f = N x 
RPM/120, where N is the number of cylin- 
ders. Thus, on a single-cylinder engine 
10,000 RPM gives a CB frequency of 
83-3Hz, and on a 4-cylinder engine a fre- 
quency of 333-3Hz. Figure 62 shows the 
basic circuit of a digital RPM meter, 
designed to read 19,990 RPM full-scale 
(10,000 RPM at mid-scale) on a 4-cylin- 
der 4-stroke engine; the 7555 monostable 
output pulses have a lms width. 

When measuring low values of resis- 
tance, care must be taken to ensure that 
the resistive effects of range switches and 
terminals, etc. are excluded from the 
measurement results. The best way of 
achieving this is to use the 4-terminal 
technique of Figure 63, which uses two 





independent circuits. The unknown resis- 
tor is connected between the R, terminals 
and fed with a constant current from Bl, 
and the voltage drop directly across R, 
is measured by a 199-9mV full-scale DC 
voltmeter powered from B2. Thus, when 
10mA is fed through Rx, the DPM indi- 
cates 19-990 full-scale. 


CONSTRUCTIONAL NOTES 


When using DPM modules, two vital 
points must be noted. The first arises from 
the DPM’s high sensitivity, and is illus- 
trated in Figure 64, where the DPM is 
wired as a 199-9mV DC voltmeter with a 
10M input resistance. Thus, if a leak- 
age resistance of 10,000MQ2 appears be- 
tween Vpp and IN HI, the meter will read 
28:‘OmV with no external input applied. 
Leakage resistance of this magnitude can 


MAKING THE RIGHT CONNECTIONS IN VIDEO - Continued from page 63. 


you are making leads to connect a cam- 
corder to another video recorder you 
certainly need to know which pins are 
used for each purpose on your particu- 
lar model. See Figure 9 for examples 
of 8-pin mini DIN AV connector signal 
designations. 


6-PIN DIN AV CONNECTOR 
OR EUROCONNECTOR 


Yes, this is another contender for the 
title of Euroconnector! For a while it 
was quite popular on VHS machines 
and TVs but has been supplanted by 
SCART connectors. Photo 12 shows the 
6-pin DIN AV plug and Figure 10 shows 
the connections. 


AUXILIARY FACILITIES 


A variety of plugs and sockets are used 
on some cameras for auxiliary facilities, 
and these use multipole connectors 
similar to the combined audio and 


VARIOUS | 
BEARCAT SSXLT SCANNER as new, | 
boxed. 29 to 512MHz, £55. Tel: Alan 
(021) 707 1269 evenings (Birmingham). 
DATA BOOKS. Integrated circuits linear 
and digital. All recent editions. Tel: Cliff 








be caused by minute amounts of mois- 
ture, dirt, or oil, etc. between the tracks 
of the module's PCB. To counter this effect 
the PCB and its terminals must, after pro- 
ject construction is complete, be coated 
with a good quality insulating varnish. 

The final point concerns the use of 
external components, which in all cases 
must be high stability types. All resistors 
should be metal film, while critical 
capacitors should be polycarbonate types. 

The reader is asked to note that this 
mini-series is based on Chapter 7 of 
the author's Instrumentation and Test 
Gear Circuits Manual (published by 
Butterworth-Heinemann Ltd.), with extra 
material, derived from data sheets 
supplied by Lascar Electronics Ltd., added. 
The book is available from Maplin, Order 
As AA37S Price £16.95NV 





THE TRUE ORIGIN OF CONNECTOR NAMES 


BNC 


Baby (or Bayonet) Neill Concelman. A baby-size combination of the 
designs of Neill and Concelman. 


Concelman. Developed by Carl Concelman of Amphenol. 
Deutsche Industrienormen Ausschuss (German standards-making 
authority, similar to our British Standards Institution). 

Electronics Industry Association of Japan, 


Multiple Unit Steerable Array. Developed in the 1930s by the GPO. 
Neill or Navy type. Originated in 1942 by Paul Neill of Bell Labs 

and standardised on a Navy Bureau of Ships drawing. 

Radio Corporation of America. 

Ultra High Frequency. Developed in 1940 by E. C. Quackenbush 

of the American Phenolic Corporation (later Amphenol). At the time 
this connector was designed, UHF meant what we call VHF today. 


video ones (generally DIN and various 
Cannon designs). They are, however, 
too complex and varied to detail here, 
and although there were several stan- 
dard wiring schemes the item’s service 
manual is the best guide to connections. 





(0602) 522646. 


CLASSIFIED 





Note: A series by T. A. Wilkinson (A 
Guide to Professional Audio, parts 1 
and 2) dealt with professional audio 
connectors and cables; these appeared 
in the April and May 1993 Issues of 
Electronics. 





THE LINCOLN SHORT WAVE CLUB 
meets every Wednesday night at the City 
Engineers’ Club, Waterside South, Lincoln 
at 8pm. All welcome. Further details from 
Pam, G4STO (Secretary) Tel: (0427) 788356. 
ELECTRONIC ORGAN CONSTRUCTORS 





| SOCIETY. For details of meetings. Tel: (081) 


FOR SALE 49 copies of Electronics Mag. 

No. 7, Nos. 13 to 39 (not 32 & 38), Nos. 44 

to 67 (not 54). £10 the lot. Buyer collects. 
Croxson, 38 King Street, Felixstowe IP1] 9DX. 
QUALITY RF RELAYS, N-Type and BC 
versions. Cost New £35. Yours for £4 each, 
Swiss Electromechanical Pulse Counters 
made by Sodeco, £5 each. For details call 
Mike (0604) 756380. 

TELEQUIPMENT SERVISCOPE S51B £45, 
Tekrontix 555 Dual Beam Oscilloscope £45, 
Rikadenki X-Y Plotter RY-11Z £60, Avo Model 
8. £35, Scientifica Gas Laser B/17L (needs 
attention). £15. Tel: (0732) 740533 
(Sevenoaks). 

NEW COMPONENTS plus free PCB 
mounting Ni-Cd, assorted mixture. List price 
£50 plus. £12 per bag inclusive of postage 
and packing. Mr D. J. Brown, 2 Glentworth 
Avenue, Whitmore Park, Coventry, West 
Midlands CV6 2HW. 


WANTED 

SIEMENS SAB8748-8-D microprocessor 
chip (obsolete) and data if available please. 
Is there a current pin/pin replacement? 
Frank Cosgrove, 59 Fenton Road, 
Bournemouth BH6 SBS (Tel: 0202-432973). 
DISASSEMBLER PROGRAM for Intel 8085 
microprocessor to run on 8085 or IBM PC 
compatible. Derek Slater, Rear 25 New 
Market Street, Colne, Lancashire BB8 9BJ. 
MICROPROFESSOR MPF-IP CPU Board 
(and case?) required by coliege student for 
experimental EPROM programming, will also 
consider sound boards. Cash waiting, Tel: 
Alex (0691) 623703, (after 4.00pm). 


July 1994 Maplin Magazine 
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Placing an advertisement in this 
section of Electronics is your chance 
to tell the readers of Britain's Best Selling 
Electronics Magazine what you want to 
buy or sell. or tell them about your club's 
activities—Absolutely Free of Charge! We 
will publish as many advertisements as we 
have space for, To give a fair share of the 
limited space, we will print 30 words free, 
and thereafter the charge is 10p per word. 

Placing an advertisement is easy! 
Simply write your advertisement clearly 
in capital letters, on a post-card or sealed- 
down envelope. Then send it, with any 





necessary payment, to: Classifieds 
Electronics-The Maplin Magazine. 


P.O. Box 3, Rayleigh, Essex SS6 8LR. 
Advertisements will be published as 
soon as possible, space allowing. No 
responsibility is accepted for delayed 
publication or non-inclusion of 
advertisements. 

Private individuals only are permitted 
to advertise in this section; commercial 
or trade advertising of any kind is strictly 
prohibited by law. Advertisements are 
only accepted by the Publisher on this 
Proviso. Readers who have reasonable 
grounds to believe they have been 
misled as to the nature of an advertisement 
are advised to contact the Publisher and 
their local Trading Standards Office. 





FOR ATARI XL/XE COMPUTER. Atari 850 
Interface Serial/Parallel connection, or 
Datari; RS232 interface with manual and 
driver program on disk or cassette. 

Tel: Chris Thorpe (0252) 393832 (daytime). 
MAPLIN 61-NOTE MUSICAL KEYBOARD 
(XB16S). David Pickett, 4418 Blackstone 
Court, Bloomington, IN 47408, USA. 

Tel/Fax: 010 1 812 332 9233. 


COMPUTERS 

CASIO FX730P COMPUTER complete 

with tape interface and compatible recorder 
£30, also C.5S.I. cordless intruder alarm, inc. 
2xPIRs and siren. Requires repair, offers 
please. Tel: (0960) 322593. 

BBC MODEL B CIRUIT DIAGRAMS. Send 
a £2 cheque or postal order to: Clive Roberts, 
University Hall, Pen-y-Lan, Cardiff CF2 SYB. 





MUSICAL 
MIDI SCAN UNIT (Sept. Maplin Mag.) with 


power supply, fitted to uncased pedal-board. 


Working, £45. Sansui A40 Amp £28. Audiom 
12in. Full Range Speaker Uncased £20. All 
carnage paid. Tel: Seon (041) 959 7466. 


CLUB CORNER 
WIRRAL AND DISTRICT AMATEUR 
RADIO SOCIETY meets at the Irby Cricket 


Club, Irby, Wirral. Organises visits, DF hunts, 


demonstrations and junk sales. For further 
details, please contact: Paul Robinson 
(GOJZP) on (051) 648 5892. 

SOUTHEND & DISTRICT RADIO 
SOCIETY. Meets at the Rocheway Cente, 
Rochford, Essex every Friday at 8pm. Details 
F. Jensen (GIHQQ) P.O. Box 88, Rayleigh, 
Essex SS6 8NZ. 





902 3390 or write 87 Oakington Manor Drive, 
Wembley, Middlesex HA9 6LX. 

CRYSTAL PALACE & DISTRICT RADIO 
CLUB. Meets on the third Saturday of each 
month at All Saints Church Parish Rooms, 
Beulah Hill, London SE19. Details from 

Wilf Taylor, G3DSC. Tel: (081) 699 5732. 
WIRRAL AMATEUR RADIO SOCIETY 
meets at the Ivy Farm, Arrowe Park Road, 
Birkenhead every Tuesday evening, and 
formally on the lst and 3rd Wednesday of 
every month. Details: A. Seed (G3FOO), 

31 Withert Avenue, Bebington, Wirral 

L63 5NE. 

TESUG (The European Satellite User 

Group) for all satellite TV enthusiasts! Totally 
independent. TESUG provides the most up- 
to-date news available (through its monthly 
‘Footprint’ newsletter, and a teletext service 
on the pan-European ‘Super Channel’). 

It also provides a wide variety of help 

and information, contact: Eric W. Wiltsher, 
TESUG, Rio House, Stafford Close, Ashford, 
Kent TN23 2TT. England. 

THE BRITISH AMATEUR ELECTRONICS 
CLUB (founded in 1966), for all interested in 
electronics. Four newsletters a year, help for 
members and more! UK subscription £8 a 
year Junior members £4, overseas members 
£13.50). For further details send S.A.E. to: 
The Secretary, Mr. J. F. Davies, 

70 Ash Road, Cuddington, Northwich, 
Cheshire CW8 2PB. 

MODEL RAILWAY ENTHUSIAST? How 
about joining ‘MERG’, the Model Electronic 
Railway Group. For more details contact: 
Mr. Eric Turner, Treasurer MERG, 

38 North Drive, Orpington, Kent BR6 9PQ. 
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These descriptions are necessarily short. Ensure that you know 


exactly what the kit is and what it comprises before ordering, 
by checkinig the issue of Electronics referred to in the list. 

The referenced back-numbers of El Ey can be obtained, 
subject to availability, at £1.95 per cop 

Carriage Codes — Add; A: £1.45, B: oy 10, C: £2.65, D: £3.15, 
E: £3.70, F: £4.25, G: £5.10, H: £5.70. 











This very practical Electronics article details the use of the following 
projects which, when used in conjunction with the range of 
temperature modules available from Maplin, can provide some 
extremely versatile environmental control functions. 

Order as: LM37S {Relay Interface Card Kit), Price £12.45; LM36P 
(Serial/Parallel Converter Kit}, Price £14.95; LP12N (24-line PC 
1/O Card), Price £21.95. Details in Electronics No. 71 (XA71N). 





| 10-BAND GRAPHIC EQUALISER MODULE | 





This easy to build equaliser project has ten frequency bands that 
allow you to adjust audio response fo your particular preference. 
Order as: VEA4X, Price £34.95. Details in Electronics No. 71 
(XA71N). 


Vi bib 

















No more arguments about who got the answer first! This versatile 
system allows up to eight contestants to battle it out without 
altercation, and can be expanded in blocks af eight by simply 
adding more units. Order as: LT41U, Price £9.95. Details in 
Electronics No. 72 (XA72P). 








__ PINK NOISE GENERATOR 





This easy to build pink noise generator employs a pseudo-random 
digital noise source and can be easily adapted to produce white 
noise if required. 
Order as: VE43W, Price £11.95. Details in Electronics 
No. 72 {XA72P). 
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(OU MISS 
ls 3 


PROJECTS. 


The Maplin ‘Get-You-Working’ Service 
is available on ALL of 
these projects. 





DIGITAL MODEL TRAIN CONTROLLER 





This versatile project allows you to control up to fourteen locome- 
fives on a single layout, with up to four locomotives being active 
at any one time. The basis of the system is a Common/PSU board, 
fo which one controller is added for each active locomotive. All 
locomotives require a receiver. To complete the project, a smart, 
pre-drilled case is available. 

Order as: LW61R (Common/PSU), Price £39.95 C4; L\W62S 
(Controller), Price £9.95; |T29G (Receiver), Price £12.95; XGO9K 
(Case), Price £24.95. Details in Electronics No. 71 (XA71N). 




















LED POWER METER 








= 





A pair of LED power meters for the Velleman Stereo | 
MOSFET Amplifier, VF17T. The meters can be used in | 
either stereo or mono configuration. Order as: VF18U, | 
Price £34.95. Details in Electronics No. 72 (XA72P). 

| 





To order Project Kits or Back-numbers of Electronics, ‘phone 
Credit Card Sales on (0702) 554161. Altematively, send off 
the Order Form in this issue, or visit your local Maplin Stare. 
See advertisement elsewhere in this issue for locations of 
Maplin Stores. 
Maplin: The Positive Force In Electronics 
All items subject to availability. Prices include VAT. 
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__INFRA-RED SWITCH _ 


Look, no hands! This versatile remote control switch can operate a 
multitude of electrical or electronic equipment without you even 
touching it. 

Order as: LT38R, Price £9.95. Details in Electronics No. 71 
(XA71N). 





STEREO MOSFET AMPLIFIER 


A superb high power stereo amplifier that sounds as good as it 
looks. Bridged configuration transforms the unit into a 600W 
(music power) mono amplifier. 

Order as: VF17T, Price £299.95 H29. Details in Electronics 
No. 71 (XA71N). 





|___TWINKLING CHRISTMAS CANDLE 








This simple to build, high tech electronic candle has a 
realistic pseudo-random flicker, but won't burn a hole in 
your pocket-or anything else for that matter. Ideal for 
decorations or plays, as there is no danger of fire, or of the 
flame being blown out. The kit includes constructional 
details of a suitable cardboard lantern for the festive 
season. Order as: LT40T, Price £6.95. Details in 
Electronics No. 72 {(XA72P). 


These descriptions are necessarily short. Ensure that you know 
exactly what the kit is and what it comprises before ordering, 
by checking the issue of Electronics referred to in the list. 

The referenced back-numbers of Electronics can be obtained 
subject to availability, at £1.95 per copy. 

Carriage Codes — Add; A: £1.45, B: £2.10, C: £2.65, D: £3.15, 
E: £3.70, F: £4.25, G: £5.10, H: £5.70. 





















MILLENNIUM 4-20 VALVE POWER 
AMPLIFIER 











A superb 4-valve, non-hybrid, class AB push-pull amplifier with 
an output of 20W r.m.s. and low output distortion, producing that 
characteristic valve sound. Construction is simplified by the use of 
printed circuit boards and no setting up is required. 

Order as: LTA5Y, Price £74.95 Cé. Details in Electronics 
No, 74 (XA74R). 


SAVE MONEY by buying these combined 
Millennium Amplifier kits: 

Save £10! Complete Millennium Monobloc 
Amplifier Kit (1 x PSU & 1 x Amplifier kit} 

Order as: LT71N, Price £114.90 H12. 

SAVE £20! Complete Millennium Stereo 
Amplifier Kit (1 x PSU & 2 x Amplifier kits) 

Order as: L172P, Price £179.85 H18. 





A Power Supply kit for the Millennium 20W Valve Power Amplifier. 
The supply is capable of powering up to wo amplifier modules for 
a stereo system, or alternatively you could use two PSU kits and 
two amplifier modules to produce a pair of ‘monobloc’ amplifiers. 
Order as: LTA4X, Price £49.95 C6. Details in Electronics 
No. 73 (XA73Q). 


YOU MISS 
THESE 
PROJECTS: 


The Maplin ‘Get-You-Working’ Service 
is available on ALL of 
<3 these projects. 





TWIUGHT SWITCH 




















Using the ULN3390T opto-electronic switch, this versatile project 
senses the ambient light level and operates the builtin relay at dawn 
and dusk. Typical applications are automatic control of lighting, night 
time security or anywhere that daylight related switching is required. 
Order as: [T47B, Price £5.95. Details in Electronics 
No. 73 (XA73Q). 








To order Project Kits or Back-numbers of Electronics, ‘phone 
Credit Card Sales on (0702) 554161. Altematively, send off 
the Order Form in this issue, or visit your local Maplin Store. 
See advertisement elsewhere in this issue for locations of 
Maplin Stores. 
Maplin: The Positive Force In Electronics 
All items subject to availability. Prices include VAT. 






















MODULAR GRAPHIC EQUALISER 
FRONT PANEL 


















Apre-drilled front panel and pre-printed foil to give a professional 
look to your completed equaliser project. The panel is suitable for 
a standard 19in, housing having a height of 2 units (2U). 

Order as: VE41U, Price £32.95 Al. Details in Electronics 
No. 74 (XA7AR), 
























EXTRA LARGE LED DISPLAY 














A choice of two 20cm (7 in.) 7-segment LED displays, catering 
for open-collector and open-anode circuits. Ideal for educational 
equipment, public displays, exhibitions, demonstrations, clocks etc. 
Connects to existing 7-segment display drivers. Operating voltage: 
22 to 26V DC, maximum supply current: 400mA 

Order as: VFOTB, Common Cathode Version, Price £32.95, or: 
VE63T, Common Anode Version, Price £32.95. Details in 
Electronics No. 74 (XA7AR). 











GRAPHIC EQUALISER PSU & 
SWITCHING UNIT 



















Part of the Modular Graphic Equaliser System. This project 
provides a regulated power supply for various of the other units in 
the system, a front panel mounted line input sensitivity control and 
also provides all of the necessary switching functions. 

Order as: VE45Y, Price £32.95. Details in Electronics 
No. 73 (XA73Q). 

















AUTOMATIC REAR WIPER CONTROL UNIT 











At last! Comprehensive control for rear window wipers, tied into 
the operation of the front windscreen wipers and gearbox. Facilities 
include: Single shot {when front wipers turned on), Intermittent 
operation {when front wipers on}, and Auto wipe (Reverse gear 
selected and front wipers on). 

Order as: LT46A, Price £9.95. Details in Electronics No. 74 
(XA7AR). 
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These descriptions are necessarily short. Ensure that you know 
exactly what the kit is and what it comprises before ordering, 
by checking the issue of Electronics referred to in the list. 

The referenced back-numbers of Electronics can be obtained, 
subject to availability, at £1.95 per copy. 

Carriage Codes — Add; A: £1.45, B: £2.10, C: £2.65, D: £3.15, 
E: £3.70, F: £4.25, G: £5.10, H: £5.70. 


CAR INTERMITTENT WIPER CONTROLLER 


An essential device for those of us with older cars and classics, that 
weren't built with anything more sophisticated than an on/off 
switch on the wipers! This simple to build project produces three 
delay periods, and has an LED indicator which lights during the 
delay period, reminding you that the unit is operating. 

Order as; VEO3D, £12.95. Details in Electronics No. 75 (XA75S). 


eal 
PROJECT 
RATING 


The assembled receiver 
in its optional case 


(not included). 


VOLUME 


20 METRE ALL MODE RECEIVER 
== Ss 


A ‘direct conversion’ ‘DC’ type receiver that is both simple-to-build 
and easy-to-use as there is no ‘intermediate frequency’ (IF). 
Frequency range is 13-85 to 14-50MHz and the receiver oper- 
ates from a standard 9V PP3 battery (not supplied). 

Order as: CP13P, £31.95. Details in Flectronics No. 76 (XA76H). 


me. 
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. RADIO RECEIVER 


= ae Vy 


Listen in on pilot and control tower communications with this super 
AM airband receiver. The kit is simple to build and requires little 
alignment. Frequency range is 118 to 135MHz and the receiver 
operating voltage is 9V. (Optional case not included.) 

Order as; CP17T, £29.95. Details in Flectronics No, 75 (XA75S). 


The assembled transmitter 
in its optional case 
(not included). 








20 METRE CW TRANSMITTER 


A crystal controlled CW transmitter operating on the 20m band. 
The crystal frequency can be shifted by up to 5kHz by the VXO 
control. The transmitter operates from a +12 to +15V DC supply 
and has an RF output of IW. Note: To operate this transmitter 
legally, either a full Class A Amateur Radio Licence or a restricted 
Novice Licence is required. 

Order as: CPO9K, £31.95. Details in Electronics No. 76 (XA76H}. 
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To order Project Kits or Back-numbers of Electronics, ‘phone 
Credit Card Sales on (0702) 554161. Alternatively, send off 
the Order Form in this issue, or visit your local Maplin Store. 
See advertisement elsewhere in this issue for locations of 
Maplin Stores. 
Maplin: The Positive Force In Electronics 
All items subject to availability. Prices include VAT. 








‘A low-cost unit which allows the Maplin colour and black & white 
CCD Camera Modules to be linked to any normal domestic TV with 
UHF cerial input. Applications include closed-circuit security sys- 
tems, and interfacing equipment that only has video outputs fo a 
normal TV receiver. 

Order as: LT37S, £9.99. Details in Electronics No. 75 (XA75S). 











FRIDGE CHECK 





ls your fridge always as cold as it should be? This easy-to-build 
unit constantly monitors the temperature inside your fridge. If it 
exceeds a preset limit the alarm sounds, alerting you fo the poten- 
tial dangers of bacterial growth and food poisoning. 

Order as: LT53H, £8.49. Details in Electronics No. 76 (XA76H). 


These descriptions are necessarily short. Ensure that you know 
exactly what the kit is and what it comprises before ordering, 
by checking the issue of Electronics referred to in the list. 
The referenced back-numbers of Electronics can be obtained, 
subject to availability, at £1.95 per copy. {Issue 77 onwards £2.00.) 
Carriage Codes - Add; A: £1.45, B: £2.10, C: £2.65, D: £3.15, 
E: £3.70, F: £4.25, G: £5.10, H: £5.70. 





EI 


PROJECT 
RATING 





Essential for accurately setting up TV and video equipment. The 
generator consists of two modules, a colour bar generator and a 
colour encoder, Although the modules are available separately, 
both are required for this project. The generator has both PAL com- 
posite video and PAL UHF RF outputs and can produce EBU, 100% 
and 75% colour bors. 

Order as: LT50E, Colour Bar Kit, £19.99. Order as: LM66W, 
Colour Encoder Kit, £24.95. SPECIAL OFFER - buy both kits and 
save £4.95, Order as: BE75S, £39.99. Details in Electronics 
No. 77 (XA77H}. 


ea 
PROJECT 
RATING 








Roll-up! Roll-up! All the fun of the fair — and less of the 
hassle! This electronic variation on the traditional theme 
puts an end to the problem of whether a gentle touch actually 
rang the bell or not. A contact is clearly registered and the 
number of ‘lives’ can be preset helping to ensure fair play. 
Order as: LI57M, £19.99. Details in Electronics No. 78 
(XA78K). 








12V DC/230V AC INVERTER 





Ever wished your car or shed had a mains outlet in it? Now 
it can, with this high efficiency 230V AC inverter. Powered 
from a car battery or alternator, the unit is ideal for emerg- 
ency power backup and field service applications. 
Maximum continuous power output is 250W, drawing a 
maximum current of 25A from the DC supply. 

Order as: VF35Q, £119.95 B4. Details in Electronics 
No. 78 (XA78K}. 











DID 
VME! MISS 


2-WIRE MULTI-CHANNEL SIGNALLING 
Se ee 


How do you get up to 16 channels and a power supply down wo 
wires? This clever project scans the transmitter inputs and converts 
them to serial data pulses superimposed on the DC power supply. 
The data is then decoded by the receiver and operates the rel- 
evant channel. Each transmitter and receiver pair can handle 
8 channels, expandable to 16 by adding further modules. 

Order as: VEZOM, Transmitter, £9.95. Order as: VE71N, 
Receiver, £17.95. Details in Electronics No. 77 (XA77H) 


PACKET RADIO MODEM 





Combine your amateur radio and computing hobbies with 
this radio MODEM! The project is supplied with software 
compatible with the IBM PC/AT but could also be used with 
other computers provided suitable software can be obtained. 
The unit communicates via the host computer's RS232 port 
and operates at 1200 baud. Power consumption is very 
small and the unit can, in fact, be powered direct from the 
serial data port of most compatible computers! 

Order as: CP36P, £59.95 AO. Details in Electronics 
No. 78 (XA78K). 














To order Project Kits or Back-numbers of Electronics, ‘phone 
Credit Card Sales on {0702} 554161. Alternatively, send off 
the Order Form in this issue, or visit your local Maplin Store. 
See advertisement elsewhere in this issue for locations of 
Maplin Stores. 
Maplin: The Positive Force In Electronics 
All items subject to availability. Prices include VAT. 





FORGED BANK-NOTE DETECTOR 





Sort out fake bank-notes with this notable Maplin project! Unlike 
counterfeit notes, the genuine article absorbs ultra-violet light from 
the built-in UV tube. A light dependent resistor in the detector 
changes its resistance depending on the amount of light reflected. 
If the note is genuine, an LED indicator lights and a buzzer sounds. 
Order as: L154), £14.99, Details in Electronics No. 77 (XA77H). 


FA 
PROJECT 
RATING 








This easy-to-build project allows you to control a single MID! sound 
module from two different sources. Apart from simultaneous oper- 
ation from two MIDI sources, this simple unit can perform all the 
tasks normally undertaken by complex microprocessor controlled 
units costing many times more. 


Order as: LT52G, £14.99. Details in Electronics No. 77 (XA77H) 





CAR BATTERY CHARGE/DISCHARGE 
IDLE INDICATOR 





ls your car’s battery being charged as you drive, or is it wait 
ing for the next cold, rainy morning for you to find out that 
it isn’t? Keep an accurate eye on where the current is going 
with this inexpensive project. A 3-colour LED, mounted on 
the dashboard, indicates whether the battery is being 
charged, discharged or if a balanced condition is achieved. 
Order as: LT56L, £7.99. Details in Electronics No. 78 
(XA78K). 
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Ful? details of how to build this. superb-valve 

lifier yourself may be found-in the January 
id February 1994 issues of Electronics - 
The Maplin Magazine. 




















Electronics —The Maplin Magazine January 1994 Issue (XA73Q) Price £1.95 NV 











Electronics —-The Maplin Magazine February 1994 Issue (XA74P) Price £1.95 NV 
Power Supply Kit Only (LT44x) Price £49.95 (C 
Amplifier Kit Only (LT45Y) Price £74.95 
Complete Monobloc Amplifier Kit [1 x Power Supply Kit + 1 x Amplifier Kit] (LT71N) Price £114.90 HH 
Complete Stereo Amplifier Kit [1 x Power Supply Kit + 2 x Amplifier Kit] (LT72P) Price £179.85 H 

















Carriage: kits marked © add £2.65, kits marked Hl add £5.70. If ordering several kits maximum total carriage is £5.70. 
Handling: add £1.40 to each order. Please note: carriage and handling charges apply to Mail Order only — you do not pay 








carriage or handling if you purchase these kits from Maplin Regional Stores. 


The kits listed are rated 4 (Advanced) on the 1 to 5 Maplin Construction Rating Scale. 


Maplin Electronics plce., PO Box 3, Rayleigh, Essex, SS6 SLR. Tel: (0702) 554161. Fax (0702) 553935. 
For details of your nearest Maplin Regional Store Tel: (0702) 552911. 


Prices include VAT at 17-5% except items marked NV which are rated at 0%. 








Photograph shows Stereo Millennium 4-20 Amplifier (LT72P). The Millennium 4-20 Amplifier is not available ready built. 


Save £10! 
Save £20! 





®& 





All items subject to availability. Prices are correct at time of going to press (errors and omissions excluded), but may be subject to change. 





